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MARIE-ALFRED CORNU. 
By J.S. AMES. 


News of the death of Professor Alfred Cornu has brought to 
every student of Physics and Astronomy, and in particular to 
every spectroscopist, feelings of surprise and deep regret. His 
work seemed by no means over; and everyone who saw him 
preside over the meetings of the International Congress of 
Physics, at Paris, in 1900, felt that he was in the fulness of his 
powers. 

Cornu was born at Chateauneux, March 6, 1841, and died at 
La Chansonnerie, near Romorantin, April 12, 1902. His pro- 
fessional career was most brilliant. He entered the Ecole Poly- 
techiiique at the age of nineteen, and the Ecole des Mines two 
years later. He left this as ‘engineer’ in 1866; and the next 
year, at the early age of twenty-six, he was appointed professor 
of physics at the Ecole Polytechnique, a position which he held 
until his death. He was elected a member of the Academy of 
Sciences in 1878, and later a member of the Bureau of Longi- 
tudes. He received honors from many scientific societies of 
many countries. It may be sufficient to mention a few of these: 
he was foreign member of the Royal Society of London, of the 
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Academies of Vienna and of St. Petersburg, and had received 
honorary degrees from both Oxford and Cambridge. At the 
last named university he delivered, in 1899, the Rede lecture 
in connection with the jubilee celebration of Sir George Gabriel 
Stokes, his subject being the ‘“‘Wave Theory of Light.” 
He had prepared to lecture in English, but being requested by 
some of his friends to give the address in French, he rewrote it 
entirely on a few hours’ notice. At other times, too, Cornu came 
to England to deliver public lectures, and always charmed his 
audiences by his clearness of thought and expression, and by his 
simplicity of manner. 

As Poincaré has well said of Cornu: ‘‘ He has left his impress 
upon all portions of Physics; but his preference was specially 
for Optics. I think that which attracted him in the study of 
Light was the relative perfection of this branch of science, which, 
since Fresnel, seems to share at once in the rigorous exactness 
and the severe elegance of Geometry itself. It was there, better 
than elsewhere, moreover, where he could fully satisfy the nat- 
ural longings of his mind for logical order and clearness.’ He 
was in a way the successor of Fresnel, Arago, Biot, and Jamin.. 
His first physical papers were on reflection and refraction; and 
these were soon followed by his famous work on crystalline reflec- 
tion. He invented a most ingenious and useful method for 
determining the optical constants of lenses; and the method of 
studying problems of diffraction by the use of ‘‘Cornu’s Spirals”’ 
is familiar to everyone. His paper on the focal lines of gratings 
is complete and elegant; and his discussions of all kinds of 
optical instruments were exhaustive and always interesting. 

But the two great researches in Light for which Cornu will 
always be renowned are those on the velocity of light and on 
Ultra-violet Spectra. He perfected the method of Fizeau for 
the measurement of the velocity of light—that of the toothed- 
wheel —and made a most exact determination of this great con- 
stant of nature. In a paper presented at the International 
Congress in 1900, he gave a critical discussion of the various 
methods used for the measurement of this quantity, and at his 
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death he was engaged in superintending a repetition of his 
research. 

His interest in all questions pertaining to spectroscopy was 
always keen, as is shown by his having been on the Board of 
Editors of this JouRNAL from its foundation ; and his examination 
of the spectra of hydrogen, of the Sun, and of many metals was 
epoch making. These researches were carried out mainly at his 
country home, where he in general spent his holidays. 

For a complete list of Cornu’s memoirs one must refer to 
some catalogues such as that of the Royal Society, but no sum- 
mary of his scientific activity, however brief, would be complete 
without reference to his repetition of the Cavendish experiment 
on the density of the earth, in conjunction with Baille; his 
acoustic investigations; his influence as a member of several 
electrical commissions; and his work as president of the Inter- 
national Committee of Weights and Measures. 

By one who knew Cornu personally, the impression most 
definitely remembered is that of a broad-minded, modest, clear- 
thinking scholar; one who must have been an ideal teacher. He 
was easily the leading physicist of France, and one of the great 
men of the world. His loss will be felt not alone by his imme- 
diate associates, but by all students of physics. 
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RADIAL VELOCITY OF THE OR/JON NEBULA.' 
By H. C. VOGEL. 


PLATES of the spectra of several planetary nebulz with high 
dispersion have recently been obtained by Dr. Hartmann with 
the large twin refractor of the Astrophysical Observatory at 
Potsdam.” Interest having been aroused by these observations, 
attempts were made by Dr. Eberhard to obtain the spectrum of 
the Orion nebula with our photographic refractor of 32.5 cm 
aperture and 343 cm focus, which has been assigned to him for 
more than a year for spectrographic observations of radial 
velocities of stars. In consequence of the larger angular aper- 
ture of this instrument and the consequent greater intensity of 
the unit of area in the focal image, this instrument is superior to 
the great refractor for extended objects like the Orton nebula. 
Since the objective of this instrument is achromatized for the 
chemical rays, but has no correcting lens, as does the objective 
of the great 80cm refractor by which that is converted into an 
objective uniting the optical rays properly, it was necessary at 
the start to give up the use of the two strongest lines of the 
nebular spectrum in the green (5007 and 24959), as well as 
the hydrogen line H8; indeed, only the fourth line of the 
nebular spectrum, //y, could be impressed upon the plate. 

Dr. Eberhard’s first attempt succeeded upon the 23d of last 
November. An exposure of 180 minutes very clearly brought out 
the Hy line of the nebular spectrum, with Spectrograph IV with 
three prisms (the linear dispersion of which at Hy is 0.25 mm = 
0.424). I may remark incidentally that the unavoidable 
temperature changes during such long exposures can have no 
injurious effect, inasmuch as the electrical heating arrangement 
of the spectrograph makes it easily possible to maintain a con- 


*Translated from advance proofs, sent by the author, of a paper read before the 
Kgl. Akademie der Wissenschaften zu Berlin. 
?See ASTROPHYSICAL JOURNAL, 15, 287, 1902. 
302 


| 
| 
| 
| 
| 
| 
{ 
| 
| 
- 
= 
| 
| 
| 
‘ 
i 
| 


VELOCITY OF ORION NEBULA 303 


stant temperature within a tenth of a degree inside the prism- 
box for several hours at a time. 

The unfavorable weather, unfortunately, made it impossible to 
obtain a second plate until January 31, 1902, and hitherto obser- 
vations could be made in all on only nine evenings, of which six 
may be regarded as successful.* In consequence of weather 
changes during the necessary exposure of about three hours, one 
of the remaining plates, taken on February 13, was a failure, 
while the two others, taken on January 31 and February 6, are 
not wholly useless. 


I now give the results of the measurements independently 
made by myself and Dr. Eberhard with different measuring es 
machines. They refer to a portion of the Ay line, due to light , 
coming from a portion of the nebula near the well-known | 
trapezium. This is nearly the same place as that at which the 
direct spectroscopic observations of velocity of the Orion nebula 
were made by Professor J. E. Keeler? in 1890 and 1891 with the 
great refractor at the Lick Observatory. 


VELOCITY 
Date | ne Exposure |Plate No. Relative to Earth Relative to Sun 
uropean time 
| time - — 
Vogel Eberhard Vogel Eberhard ; 
I9OI | km km km km 
Nov. 23/ 12"26™ 180™ | 879 + 8.9 + 5.0 + 18.0 + 14.1 | 
1902 
Jan. 6 55 so || —  — 
Feb. 6 9 40 4o | 928 + 37.6 _ (+ 15.9) wee 
“11 8 45 150 | = 934 + 39.9 | + 40.7 +17.0 | +17.8 
7 40 180 =| 945 + 41.8 | + 42.6 + 18.1 | + 18.9 
10 180 947 + 42.3 | + 43.7 +184 | +198 
“ of 7 45 180 | 950 + 41.0 | + 40.5 + 16.2 +15.7 
| 
+17.5 | +17.3 


The observations were arranged as in the case of stellar 
spectra, so that before and after the exposure of the nebula two 


* Dr. Scholz assisted at five exposures, Dr. Ludendorff at three. 


* Publications of the Lick Observatory, 3, 1894. 
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comparison spectra of iron, 4% mm wide, and at a distance from 
each other of % mm, were impressed upon the plate. By remov- 
ing the diaphragm in front of the slit which limits the com- 
parison spectra, the nebular line Ay was obtained in its full 
length. It therefore appears not only in the space of 4% mm 
between the comparison spectra, but crosses it and extends out 
on both sides. 

Dr. Eberhard made this arrangement in order to obtain at 
the same time any irregularities of the Ay line in respect to 
position orintensity. On good plates the line was from 2mm to 
2.5 mm long, corresponding to2’. I must not omit to state that 
during the exposure the guiding on the nebula was so accurate 
that a superposition of different portions was excluded as far as 
possible, and that the spectra of stars in the nebula occurring 
on two plates appear linear. 

The measurements of the observations given above refer, 
however, only to the small portion of the line between the com- 
parison spectra; this corresponds to a place in the nebula 
slightly preceding the star @ Orionts. On plates Nos. 924 and 
928, for which the exposure had to be cut off too early, only a 
small portion of the Ay line appears in the lower comparison 
spectrum (violet to right on the microscope stage). The obser- 
vations are therefore unreliable, and especially so on account of 
the extreme faintness of this portion of the line, and were 
excluded from the mean. 

On the plate of February 21 the iron lines were also given 
full length, since there was no danger of a disturbance of the 
nebular line, and since it made possible the determination of the 
position of other parts of the nebular line as compared with the 
lines of the comparison spectrum ; or, in other words, it rendered 
possible the measurement of the velocity at different portions of 
the nebular line. The result of the measurement of this plate 
given above again refers, however, only to a portion of the Hy 
line near 0". 

All precautions were taken during the measurements. In 
order to avoid physiological errors of setting, which, indeed, 
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were less to be feared in view of the similarity of the comparison 
and nebular lines than in case of a star spectrum with the 
emission lines appearing dark and the absorption lines bright on 
the negative, the measurements were made with the plate in 
two different positions on the microscope stage (red end to right 
and red to left);* different magnifying powers were also 
employed during the measures. On account of the faintness of 
the A/y line on some plates, measurement was difficult. The 
nebular line was measured with respect to several of the lines of 
the iron spectrum, and the amount of the displacement was 
obtained with the use of Hartmann’s interpolation formula. 

The observations given above beautifully confirm Keeler’s 
measurements for the Orion nebula, and are of particular 
importance because it was the measurements on the Orion 
nebula which furnished the foundation for Keeler’s classical 
researches on the motion of fourteen of the brighter nebule. 
Keeler’s observations of HB in the Orion nebula put him ina 
position to determine very accurately the wave-lengths of the 
brightest nebular lines (A 5007 and 4959), which were until 
then only approximately known, and then to base all further 
measurements upon these, particularly upon the first. 

I give for comparison Keeler’s observations* of the motion 
of the Orion nebula, based upon the displacement of the H8& 
line. 

On our plates Nos. 879, 934, 945, and 947, the nebular Hy 
was not of uniform intensity. Where it crossed the comparison 
spectrum it seemed somewhat stronger and broader than in the 
space between the comparison spectra, due to the slight pre- 
liminary exposure of the film to the traces of continuous 
spectrum in the comparison spectrum. The line, however, was 
distinctly more intense in the lower than in the upper spectrum, 
and also extended further down beyond the comparison spec- 
trum (violet to right). The greatest intensity of the hydrogen 


' Differences in measurement in the different positions of the plate actually did 
appear in the investigations given below, which refer to very faint portions of the //y 
PI g I 
line. 


*Zoc. cit., p. 198. 
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VELOCITY RELATIVE TO THE SUN (KEELER). 


Miles Kilometers 
1890 October 16 +10.9 +17.5 
23 +12.0 +19.3 
23 + 9.7 +15.6 
30 + 4.0 + 6.4 
1891 January 23 + 8.4 +13.5 
23 +14.8 +23.8 
26 + 5-3 + 8.5 
28 +21.5 +34.6 
February 12 +12.4 +20.0 
12 +11.8 +19.0 
March 6 + 8.7 +14.0 
18 +13.5 +21.7 
20 +10.2 +16.4 
+11.0+0.8 +17.7+1.28 


line, and hence probably also of the portion of nebula entering 
the slit, was 0/6 from the star 0°, preceding it on the parallel, or 
in position angle 270°. 

On these plates, Hy gives the impression of being oblique 
to the length of the comparison spectra, or as if its vertex (the 
lines are very appreciably curved) did not lie between the 
comparison spectra, but in the upper spectrum. The numerous 
measures of the displacement independently made by myself 
and Dr. Eberhard differ between the upper and lower compari- 
son spectrum by an amount corresponding to a difference of 
velocity of about 6km. It might be concluded from the obser- 
vations that the nebulous matter at the brightest point preced- 
ing by 0-6 the star @* was moving toward the observer with 
a velocity of 5 or 6 km relatively to the nebulous matter in the 
immediate neighborhood of the nebulous star. 

It has not hitherto been possible for us to explain the oblique 
position of the /7/y line in any other way than by the presump- 
tion, which, indeed, is in general a very probable one, of a dif- 
ferent motion of the different parts of the nebula, which, in its 
projection on the celestial sphere, radiates outward in all direc- 
tions. The possibility seemed to be excluded of finding the 
explanation in any erroneous adjustment of the excellent spec- 
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trograph, which had been most thoroughly investigated in every 
respect. 

The lines of the iron spectrum were of full length at the 
observation on February 21, and moreover the star 6" was kept 
on the slit, so that the narrow linear star spectrum crossed the 
Ty line ; the setting on the nebula was also so made that the 
Hy line scarcely penetrated the lower comparison spectrum, and 
extended about as far above the upper spectrum as it did above 
the lower spectrum on the previous plates. (Two narrow iron 
spectra were impressed on the plate at the middle of the 
exposure time. ) 

The measurements confirm anew the result of those on the 
four previous plates. My very numerous and accordant meas- 
ures on plate No. 950, as well as the measures of Dr. Eberhard, 
yielded the following result : 


VELocity 
| Relative to Earth Relative to Sun 
Vogel | Eberhard Vogel Eberhard 
Position angle 90° from 6 Orionis; 
A=0'8; beginning of /’y line....... +41 km +42km |+16km | +17km 
Position angle 270°: A=0'6; strongest } | 
Position angle 270°, A=1‘2 to 1/4; 
nearly at the end of Hy7............. | +33 +37 + 8 +12 


It must not be left unmentioned that the A’y line does not 
run along regularly, but shows a nick on some plates and a small 
bend at another place on other plates. Fig. 1 gives a representa- 
tion of the /’y line and the neighboring lines of the Fe spectrum 
from plate No. 945. The drawing is of course only schematic 
and lacks the gradations of brightness. Hy should be very 
weak in comparison with the iron lines and the fine iron lines 
between A 4337 and A 4353 should be more delicate. Theoblique 
position of the //y line, as well as the nick between the two 
comparison spectra is, however, clearly evident. 
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On February 26, at 9" o™ G. M. T., Dr. Eberhard made 
another plate (No. 955) in a wholly different region of the 
nebula—namely, in the parallel of the star Bond No. 685— 
which also confirms the observations just described. The 
exposure time was 210", but the atmosphere was not very 
4337 Au3s3 ‘transparent so that the //y line is in 

general very weak. It shows a peculiar 
| | l bending at c, Fig. 2, and is very narrow 
in the neighborhood of the star Bond 
No. 685. At the bend it is broader and 
weaker, beyond the bend more intense 


| | | lf and then thins out to a delicate line. 


The figure gives a rough representation, 
the principal object of which is a more 
a precise designation of the places meas- 
ured. 
Our observations on this plate are as follows: 


VELOCITY 
Relative to Earth Relative to Sun 
Vogel | Eberhard Vogel Eberhard 
| +53: | +66: + 28: +41: 


é is at pos. angle 270° from Bond 685, A = 0°4. 
¢ is the bend, A= 079. 
a is the most intense part of A= 1-3. 
End of Hy, A=2°3. 
The length of the Hy line from the star amounts to about 
2/3 in position angle 270° and 0/2 to 03 in position angle go 
It should be further remarked that on plates 950 and 955, 
on which the //y line crosses the spectra respectively of the 
stars 6 and Bond 685, it shows no broadening, strengthening, 
or bending at the point of intersection with the star spectrum. 
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The measurements are difficult and of less accuracy on 
account of the faintness of the /’y line, but a difference in the 
displacement of the line at 4 relatively to a seems to me to be 
well established. It is unfortunate that the continuously bad 
weather did not permit a plate of this portion of the Orion 


nebula to be repeated, so that it must now 4,3, 
be postponed until the beginning of next | 
year. 


In his memoir on the motions of the 
nebule in the line of sight above cited, 
Keeler also attempted to discover relative 
motions in different parts of the Orion nebula 
(Joc. cit. p. 199). He reaches the conclusion 
that displacements by relative motion in the a 
nebula corresponding to 21km per second 
should have been clearly recognizable and 
that in the brighter parts of the nebula dis- 


placements of one-third of this amount would | 
probably have been discovered. He else- 

where attempted (p. 203) to discover a rota- 

tion of the nebula G. C. 2102 (IV 27). But he considers it 
doubtful that a velocity of less than 11 to 13 km could fhave 
been found with his appliances, quite aside from the improba- 
bility that a nebula should have so large a rotary motion. 

The explanation of the above described deformations and 
anomalies observed here in the Ay line in the spectrum of the 
Orion nebula as a consequence of the relative motion of the 
nebulous matter, which to my mind is very probable, is not 
excluded by the remarks of Keeler, inasmuch as the changes of 
velocity found are for the most part within the limits of detec- 
tion considered by Keeler as probable. 
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NEW HEADS TO CYANOGEN BANDS. 
By C. C. HUTCHINS. 

THosE who have had to do with photographing metallic 
spectra with the carbon arc have had all too frequent occasion to 
observe the carbon and cyanogen bands, which, by their very 
numerous lines, often cover and obscure the metallic lines 
sought. Rowland sets the number of carbon lines at 10,000. 

These bands have frequently been the object of special 
research. It will be sufficient here to mention the work of 
Kayser and Runge’ and the late contribution of King.’ 

The cyanogen band whose first head, according to Kayser 
and Runge, is at \ 3883.55 is of extraordinary intensity, a single 
second’s exposure sufficing, with the apparatus I am using, to fill 
the whole region, as far as 43720, with a multitude of lines, the 
source of light being the ordinary carbon arc. 

This band is commonly given as containing five heads, of 
which three are plainly marked. Considering the frequency 
with which it has been examined, I was surprised to find a new 
head at A 3914.47, which, from its character and arrangement of 
lines, seems unmistakably to belong to the cyanogen spectrum 
and to be the real first head of the 43883 band. The circum- 
stances of its appearance were as follows: Two rods of com- 
mercial copper, I.2cm in diameter, were used in the arc lamp for 
obtaining the copper spectrum. The arc burned badly, jumping 
from side to side, and the rods were then pointed and the current 
reduced to about 10 amperes. When first started the arc hisses 
and the negative pole is tipped with a very bright glow. Upon 
photographing the spectrum of this hissing arc, in addition to 
the copper lines and those of other impurities contained in the 
copper, the cyanogen band at A 3883 appeared, and with a new 
head with its system of lines. The lines were faint, and a 

* Wied. Ann., 38, 80, 1889. ? ASTROPHYSICAL JOURNAL, 14, 323, 1901. 
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PLATE XIV. 


New HEADs To CYANOGEN BANDs (C. C. Hurcuins), 
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prolonged exposure seemed to have but little intensifying effect ; 
but by burning the arc for a few seconds, stopping it and allowing 
the rods to cool for a short time, re-starting, and so on for half 
an hour they were brought up to rather weak printing density. 

Examination of such negatives as happen to be at hand made 
without carbon poles shows the new head in several cases. With 
nickel rods the arc spectrum shows no cyanogen bands, but the 
spark of an alternating current transformer between poles of 
the same metal shows the principal lines faintly. 

Cobalt under like circumstances shows the new head in the 
spark and the ’ 3883 head in the arc. Two or three other cases 
like the above might be mentioned. It is worthy of remark 
that whenever the new head appears in the spark spectrum, the 
remaining heads are absent. 

Examination of the region of the second cyanogen band at 
A 4216, shows also a new head located at \ 4278.50. 

This head has a long attendant train of lines covering the 
whole space usually covered by the six heads of this band and 
their attendant lines, but in which the usual heads after the first 
are wanting, or only the first and second faintly marked ; just 
as the spark spectrum of nickel contains the 3914 head but none 
thereafter. 

There is also evidence of a new head to the 4606 band, but 
so far the photographs have been so unsatisfactory that I hesitate 
to give its position. 

Examination of the 3590 band has so far yielded negative 
results ; which, however, may well be due to the lack of trans- 
parency of the large prisms of the spectrograph for such short 
waves. 

If one were disposed to speculate on the cause of modifica. 
tion of these bands in the copper arc the high heat conductivity 
of copper at once suggests that a cooling of the arc takes place, 
and that in the arc whose temperature is so lowered the cyanogen 
spectrum is modified. The greater wave-length of the new 
heads supports this view. On the other hand it is by no means 
certain that the metallic arc is cooler than the carbon arc. It is 
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well known that a thin filament of carbon glows with great 
brilliancy and wastes away when held in the metallic arc. If 
one of the copper poles be moistened with the smallest quantity 
of oil, the 3883 head appears at once with enormously increased 
intensity, the 3914 head remaining unaffected. Again, the 
unmistakable appearance of the 3914 head in several instances 
in the strongly condensed spark, speaks against a low temperature 
modification. In absence of other suggestions it may be looked 
upon as a change wrought in the spectrum of one body by the 
presence of another. 
SEARLES PHYSICAL LABORATORY, 


BOWDOIN COLLEGE. 
Brunswick, Me. 
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SPECTROSCOPIC RESULTS OBTAINED DURING THE 
SOLAR ECLIPSE OF MAY 18, Igo1.' 


By W. J. HUMPHREYS. 


THE spectrograms described in this paper were obtained at 
Fort de Kock, Sumatra, under the auspices of the eclipse expe- 
dition sent out by the United States Naval Observatory. This 
station is about three thousand feet above sea level, was near the 
northern edge of the path of totality, and during the eclipse had 
an ideally clear and perfect sky. 


APPARATUS AND ADJUSTMENTS. 


The apparatus with which I worked consisted of a large 
ccelostat and a concave grating of thirty feet focal length used 
without slit or lens. The ccelostat, made to do double service 
by having a large silvered mirror on either end of a heavy axis, 
was made by Brashear to meet a rush order of the Naval Observ- 
atory. As we used it one of these mirrors sent a beam of light 
horizontally through a lens of forty feet (12.2m) focal length and 
gave the excellent structural photographs which Mr. Peters secured 
of the corona, while the other sent a beam of light in the oppo- 
site direction to the grating-and produced the spectrograms 
presently to be described. 

While the running of the clock was in every way satisfactory 
enough, there was unfortunately a periodic error, ultimately 
traced to the worm, which we could not correct, that every 
two or three minutes produced most aggravating, even if not 
very great, vertical motions in the solarimage. It is not likely, 
however, that the spectrograms were materially affected by this 
disturbance, since, besides being always slight, it was in such 
direction as to cause the lines to shift parallel to the rulings on 
the grating and therefore in the main along their own length. 

* Published in advance by permission of the superintendent of the Naval Observ- 


atory. 
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The grating, which belongs to Mr. Jewell, has a diffractive 
surface eight inches (20cm) long and five inches (12.7cm) wide, 
though owing to some accident to the diamond point during the 
process of ruling a portion of this surface is not good, so that in 
actual use about two-fifths of it was covered up. It was placed 
in a large light-tight box fitted with a suitable plate-holder, and 
an opening with a shutter so arranged that light from the ccelostat 
could be admitted or cut off at pleasure. The spectra obtained 
were rendered normal by assembling the apparatus, according to 
the method described by Poor and Mitchell in the AstRopHYSICAL 
JournaL for March 1898, so that a line drawn from the center of 
the plate-holder to the middle of the grating would be normal 
to the latter. 

The final focusing was left to Mr. Jewell as general director 
of the spectroscopic work, who did it with an ingenious device 
of his own design, consisting of a slit properly placed between a 
condensing mirror and a parabolic reflector that approximately 
face each other. Light from the ccelostat is intercepted by the 
condensing mirror and brought to a focus on the slit, and that 
part which gets through is reflected by the parabolic surface in 
parallel rays to the grating, there diffracted and each wave-length 
brought to its own line focus on the focal curve. By placing 
the camera so that the photographic film or plate will fit this 
curve the final adjustment is completed. It is evidently neces- 
sary that the light from the parabolic mirror to the grating be 
strictly parallel, and this condition Mr. Jewell secured by focus- 
ing the small telescope of a surveyor’s transit on some distant 
hills and then moving the slit till its image in the parabolic 
mirror, as viewed by the telescope thus set for parallel light, 
became clear and distinct. 

The ccelostat mirror, grating, and plate-holder were in a hor- 
izontal plane about four feet above the ground. The box 
containing the grating and plate-holder was laid flat on the top 
of eight heavy posts planted about three feet deep and braced in 
every direction. This horizontal arrangement did not produce 
parallelism between the spectrum crescents and the lines of the 
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grating at either flash, but it did secure about the best possible 
compromise between the two. 

The focal curve was a little too steep to admit of being fitted 
by glass plates ; consequently heavy celluloid films two and a half 
inches (6.3cm) wide and thirty-six inches (g1cm) long were used. 
These the M. A. Seed Dry Plate Co. had kindly coated with 
their “gilt edge” emulsion, which is exceedingly sensitive to the 
blue, violet, and ultra-violet parts of the spectrum. 


EXPOSURES. 


During totality time was kept by Dr. Odell, surgeon in the 
U. S. Navy, and by Professor W. S. Eichelberger, who used a 
telescope and gave the signals that announced the instants of 
second and third contacts. The exposures were begun as 
promptly as possible after second contact, and the prearranged 
plan carried out except in regard to the last film, which we had 
counted on exposing two to three seconds, beginning just before 
third contact and extending through the second flash. The 
duration of totality, however, was several seconds longer than 
the computed time, and it was thought best to shut off the light 
at the end of eight seconds, which proved to be fully three sec- 
onds before third contact, lest the film be ruined, and this was 
probably well enough, as development showed the film to be 
fully exposed. Only about two seconds were consumed each 
time a fresh film was put in place, and in all six spectrograms 
were obtained in approximate accordance with Table I. 


TABLE I. 


SPECTROGRAMS OBTAINED. 


| When exposed, 
| counted from second 
contact 


Duration 
Number of film of exposure 


Seconds Seconds 


15 12-26 
EW 120 29-148 
IS 151-165 

8 


WE | 168-175 
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It was decided as best to leave the development of all spec- 
trum films to one person, and this part of the work was therefore 
given to Mr. Jewell. Lines were found on all these films, 
those on I and II being best defined, and VI having the greatest 
number. Each film showed that unfortunately it had not been 
quite in the focal plane, still the dispersion was so great that 
many of the lines evidently could very easily be identified. 


MEASUREMENTS. 


The films have been measured on a very excellent dividing 
engine, constructed by the Société Genevoise, fitted with a suitable 
microscope made by Bausch and Lomb. The engine reads to 
0.001 mm, and the dispersion in the first spectrum, the one used, 
was such as to give approximately 3.66 Angstrém units to the 
millimeter. As already stated, the focusing was not perfect, but 
the grating gave lines that split up into triplets as they went out 
of focus instead of producing a single broad blur, and conse- 
quently by always selecting the same fragment, the middle one, 
of each line, it was possible to secure fairly satisfactory and 
consistent measurements. 

Each film had more or less pronounced light and dark streaks, 
due chiefly to irregularities in the Moon’s outline, and these 
aided greatly in properly aligning it on the engine, and the micro- 
scope was so set that one of its cross-hairs was tangent to the 
crescents along that part of the film on which they were best 
defined. 

EXPLANATION OF TABLE II. 


The first column of Table II gives the relative wave-lengths 
as found by measurement and interpolation. The next three 
columns are taken from Rowland’s Table of Solar Spectrum 
Wave-lengths, and give the probable corresponding solar lines. 
The remaining columns give the intensities and lengths of the 
lines found on the respective films. These intensities are only 
relative, and, though the lines were gone over carefully for the 
purpose of comparing them, not much accuracy is claimed for 
the values assigned. A line marked 0 is one that just can be 
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seen, a line marked I is somewhat more distinct, and so on with 
increasing numbers to the broadest and heaviest lines. Every 
one knows that, even with a constant source of light, the relative 
energies of the several spectrum lines are not accurately pro- 
portional to their several photographic effects, and this want of 
agreement is still more pronounced when the luminous source 
undergoes such rapid and marked changes as those which take 
place during a solar eclipse. Still, imperfect as they are, these 
estimates may be of some service and are therefore given. 

A line marked s s is a very short one, covering an arc of not 
more than 10°; one marked s extends roughly 20°; / signifies 
that the line is 30° to 40° in extent, and // that it is of still 
greater length. These values, like those of intensity, are only 
roughly approximate, but give some idea of the heights to which 
the several substances appear, at least to a marked extent, in 
the solar atmosphere. Long arcs signify great elevations of the 
producing elements, while the short ones indicate but small 
heights. 

That Table II contains occasional errors I am quite ready to 
believe, though every precaution has been taken to reduce them 
to the smallest number possible. A better focus would have 
given more accurate measurements, with less chances for errors 
of any kind, and probably would have furnished many more 


lines. Ina number of instances the spectrum arcs seemed to 
consist of two or more so overlapping, owing to want of sharp 
definition, that it was impossible to clearly separate them. In 
all such cases the solar wave-lengths of the probable constituents 
are indicated in the table by being bracketed together. 
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TABLE II. 
From Row tanp’s TABLE INTENSITY AND CHARACTER OF LINES 
Observed 
nae | Intens, | | 
Wave-length Substance} and I II | IV | v | VI 
| charac. | | 
3118.5 3118. 498 V 3 Oss 
3121.3 3121.270 V 4 Oss 
3130.3 3130. 380 V 3 I ss 
3161.317 7t 3 
3161.9 } ser Ti 3 . | OSs 
3162 .683 Ti 4 
3168.5 3168.640 Ti 4 Oss 
3191.2 3191.011 3 OSs 
3202.5 3202.651 Ti, Fe 2 Oss 
3217.183 7i 2 
3228.8 3228.735 Ti? 2 Oss 
3234.6 3234.635 3 Oss ‘ | 2ss 
3236.8 3236.703 Ti 7N O ss 25s 
3239-3 3239.170 Ti 7 Oss i: 2ss 
3242.3 3242.125 Tt, — 8 | Oss 
3248.8 3248.841 7i 2 O ss 2ss 
3252.0 3251.977 Ti 3 | OSS 
3253.1 3253.012 Ti, Fe 5 rece 
3254.2 3254.314 7t 3 Iss 
3258.3 3258.542 Mn,Co| 3 | OSs | 
3261.8 3261.705 77 3 Oss 
3263.8 3263.813 Tt 4 2ss 
3267.8 3267 .834 V 6 ee 2ss 
3271.79% Ti, Fe 6d ? 
Ti 5 | 
3278.3 3278.420 Ti 5 | 48S 
3279.0 3279.060 Ti 4 | 458s 
3282.4 3282.459 Ti,Zn\ § | | 38s 
3286.9 3286 .898 Fe 7N | 
3287.9 |  3287.793 5 | | 4ss 
3292.151 e 4 
5098.3 Titel 3 
3295.8 3295-951 Fe, 6 2ss 
3299.0 3298 .869 V 3 Oss 
3302.510 Na 6 
3302.8 Na 5 P Baw 
3308. 888 Mn 2 
3308.5 3308 .947 Co, Ti| § 
3315.6 3315-457 Ti 3 -|- Oss 
3318.3 3318.160 6 | Iss 
322.9 | {3323-056} | |... | a1 on | .... | 101 
3326.907 | 5 
3327.0 pore Ti oll Iss 
3329.568 5 
3329.6 Tt, Co 3 | 2i | 10] 
3332.3 3332.240 Ti 3 2ss 
3335-3 3335-299 Ti 4 | 31 oll 81 
3340.5 3340.464 Ti 3 21 31 51 
3342.1 3341.967 Ti 4 51 211 ol 10] 
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TABLE I1.— Continued. 


Observed 
wave- 
length 


3349. 
3354- 
3361. 
3368. 


3372. 


3380. 
3383. 
3388. 
3392. 
3394. 
3403. 
3408. 
3414. 
3421. 
3422. 


3426. 


3433. 
3438. 
3442. 
3444. 
3452. 
3456. 
3460. 


3466. 


3474- 
3477 - 
3482. 
3488. 
3491. 
3496. 
3500. 


3505. 
3510. 
3514. 


3520. 
3524. 
3530. 
3535. 
3541. 
3545; 
3548. 
3552. 


From Row.anp’s TABLE 


INTENSITY AND CHARACTER OF LINES 


Intens 
Wave-length Substance] and I Il Ill IV Vv VI 
charac 

3349.597 Ti 7 41 151 sll 31 201 
3361. 327 Ti 8 31 101 3ll 1] 151 
3368.193 Cr,- 5d?} Is 21 oll OR ft acca 51 
3372-901? 45) a 
7i-Pd | 10 31 | 1] 151 
3380. 397 Ti 3 1] 31 
3383.951 Ti 3 11 | 10] 211 1] 15] 
3387 .g88" Ti-Zr 5d? 2] ol oll 51 
3392.109 Zr 2 Oss 
3394.685 7i 2 Oss 21 oll 51 
3403 .404 Cr 2 Is 31 
3408 .9g11 3 Is ol oll 41 
3414.911 Ni 15 38 
3421.353 NiCrPd| 4 0] oll 31 
3422.892 Cr 4 ] fe) oll 31 
3426. 466 Fe 3 
Fe 3 I ss 
3426.769 Fe 3 
3433-453 Cr 3 oss | 2] ol sais 21 
3438. 376 “Zr 2 2ss 
3442.118 | Mn 6 31 1] rll | ol 61 
3444.467 | Tt 4 358s 
3453-039 Ni 6d? wane 2 ss 
3456. 528? Ti 3 oll Iss 
3460. 460 ‘Mn,—| 44?| oss 1] ol oll 51 
Co 4 
3466.015 Fe 6 st 
3474.287 Mn 2 iat Is ol oll 41 
3477 - 323 5 Oss Is 21 
3483.047 Mn — 5d? Is 31 
3488 Mn 4 Is ol 2s 
3491.195 Tt 5 cas Is 2s 
3496. 348 Zr 2 oss Is 5s 
3500.474 Tt 3 Iss 

{ 3505.015 Fe 3 

3505.056 | 2 5§ 
3510.985 | Ze 5 Is 5s 

3583-985 | 7 3s 
3514.082 4 
3520. 397 | 2 2s 
3524.677 | Mi 20 4s 
3530.919" | .... 3 
3535-554 | 4 58s 
3541.237 Fe 7 Oss 
3545. 336 4 I Ss 
3548. 332 Mn,Ni\ § 1 ss 
3552-098 Zr I Iss 


? Coincident with a hazy line of great extent. 
? Exner and Haschek give a heavy vanadium line at A 3530.96. 
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TABLE II1.—Continued. 


From Row.anp’s TABLE INTENSITY AND CHARACTER OF LINES 
| Intens. | 
length Wave-length Substance | Ill lV V VI 
| charac, | | 
2 2 | 
3557-0 3556.944* Fe | 4 | 
| 3557-036 | oe 
3561.8 3561. 898 Mi | 3 | 2ss 
3565.6 3565.535 Fe | t2 | Is ss 
3568.0 3567.83 I ss 
3570.3 3570.273 Fe | 20 | gs | 48s 
3572.617 4 | 
3572.7 | 6 | oss | 258 ss 
3575-2 3575-106 Cr—Co|} | Oss 
3581.3 3581. 349 Fe | 30 | Oss 
3590.0 | ga? | | 6s 
3593-4 3593-636 Cr | 9 , 4s 
3596.1 3596. 195 Te | 4 | | 38 
3600.7 3600. 880 | 5s 
3604.0 Fe | 4 2s 
3609.2 3609 .008 Pe | 3s 
3613.8 3613.947 —,Sc | 4 | Oss 31 51 
3618.9 3618.919 Fe | 20 | Oss Is | oe 
3630.8 3630.876 Is 31 | ol 81 
3636.3 3636. 305 i 3 I ss 
3642.7 3642 .820 | 7 | oss | rs | | 2il | 81 
3645-429 | 4 : 
3648.0 3647 .988 Fe | 12 | Oss | ca 4 ss 
3651.5 3651.614 we | | oss | 38s 
3652.0 3651.940 — Sc; 4 | 5 ss 
3656.0 3655. 801 | | Iss 
3660.0 | 3659.901 | 5 | | 48s 
3662.4 |  3662.378 | 5 | 28 
3663.8 | (3663.5 | | H29 | 
3664.5 | 3664.7 | 28 | Bea i= 3/28]. Is 
3666.0 | H27 | “Be 2s 
3067.3 | 3667.4 Hw} >S | 6/52] 2s 
3668.8 | 3669.0 Hy | | | 2] 2s 
3671.0 | | 3670.8 | Hx oss | Ze | SE | | | 3s 
3672.5 | | 3672.7 Ho | SS] 3s 
3676.4 | 3676.457 | Fe, Cr | 6 3s 


1 Exner and Haschek give a heavy vanadium line at A 3556.93. 
2 Exner and Haschek give a heavy vanadium line at A 3589.90. 


3 Computed from Balmer’s formula + =a (1—4m-2), using Ames’s value of a, 27418.3. 


4 Hale’s value. 
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TABLE II1.—Continued. 


From Row Lanp’s TABLE INTENSITY AND CHARACTER OF LINES 
Observed 
| Intens. 
Wave-length | Substance! _ and ae Ill IV Vv vI 
— 

3679.6 3679.5! | Hr | Is | Is 3s 
3685.3 3685 . 339 | | 10d?) 10] 151 611 51 | 201 
3691.6 3691.53 Hr | 31 t 

3697.4 3697.43 Ho 41 oll | ol | 81 
3704.1 3704.03 | Hé ol | rol 
3706.3 3706.175 | Ca, A/n os | .... | §8 
3711.8 3711.83 Hv a 6) 21 rll | ol | 121 
3715.7 3715.6154 Mn? 4 | Iss 
3720.0 3720.084 Fe 40 | Os 1] 
3721.8 3721.93 8] 3! rll | ol | 141 
3734-3 4924.2" | #X 10] 2il 1] | 141 
3737-3 3737.281 | Fe 30 | Is 31 ol 
3741.8 3741.791 7i 4 1] | 
3745.8 3745-717 Fe $8 | Os | 5] 
3750.3 3750.2? Hk 15] $11 2il 11 | 15) 
3759.5 3759.447 Ti 12d?} 61 | 2011 | roll 1 | 151 
3761.5 3761.464 7i 7 | 61 2oll | 10 ll 4ll 1 | 151 
3764.1 3763.945 Fe 10 | ag Is 
3770.8 3770.8! |.... | 81 | | rol |} | 151 
3798.2 3798.1' | | 25 | 31 | 201 
3806.9 3806. 865 | Mn-Fe 
3820.7 3820.586 | Fe-C 25 Is 21 rll 51 
3825.8 3826 .027 | Fe 20 Is 
3829.5 3829. 501 Mg 10 | 38 | 38 51 
3835.5 3835.54? | Hn | 20] | 3001 | | 62 51 | 201 
3838.4 3838 .435 Mg-C | 25 51 10] 81 
3841.3 3841.195 Fe-Mn 10 er 2ss 
3856.6 3856.524 | Fe | 8 Is | | se 48s 
3860.2 3860.055 | Fe-C | 20 2s | 3s coos | OB | 51 
3872.5 3872.639 | Fe 6 pow Phe 38s 
3878.8 3878.720 | Fe |7Nd?| os | 18 |....] 58 
3883.3 3883 .426 | C—Fe 2 | eee 
88 7805 | 
3889.0 | 30 ll | 80 ll | 30 ll | 2011 | 2011 | 4oll 
1 Hale’s value. 2 Deslandres’ value. 4 Exner and Haschek give a heavy vanadium line at A 3715.70 


3 Deslandres’ and Hale’s value. 5 Runge and Paschen’s value, 6 Young’s value. 


\ 
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TABLE II.— Continued. 
From Row Lanp’s TABLE INTENSITY AND CHARACTER OF LINES 
Observed = 
Intens. 
Wave-length |Substance| and I | Wl III IV VI 
charac. | 
3895.9 3895 .803 Fe 7 | 5 ss 
3900.7 3900.681 Ti-Fe 5 Os gi oll Io | 
3905.7 3905.660 St 12 11] | 2 ss 
3906.5 3906 .628 Fe 10 | | 38s 
3913.5 3913.609 Ti- 5d? 6 ss 
3920.2 3920.410 Fe 10 a Oss 
3923.0 3923.054 Fe 12d? 3 ss 
3928.2 3928.075 Fe 8 2 ss 
3933.8 3933.825 Ca 1000 | 100 | 200 Il | 150 ll | Il | 125 2001] 
3944.0 3944.160 Al 15 Is 41 
3950.3 | 3950.102 Fe 5 Center of} con/fused)group 3 ss 
| ( 3956.476 Ce,Co-71| 4 
3956.6 Fe 4 Is 38s 
| ( 3956.819 fe 6 
3961.6 | 3961.674 Al 20 Os 11 31 
3968.6 3968 .625 Ca  |700 75 ll} 150 11/130 11 | 75 11 | roo ll} 150ll 
3970.3 3970.177 He 5 301) 2011} roll | ? 30 
3977.8 | 3977.891 6 I ss 
3982.630 2 
3982.7 | Y | 3 | 
3989.8 3989.912 Ti 4 2ss 
3998.8 3998 .790 Tt 4 3 ss 
4005.6 4005.408 Fe 7 3 ss 
4012.7 4012.541 Ti, Ce} 4 38s 
4026.3 4026. 342! He 11] roll} 51] ll 51 811 
4030.878 
4031.0 (4030.918) Mn 10 d? 5 ss 
4030.647 
4033.3 4033.224 Mn 8d? aos 5 ss 
4034-7 4934 .644 Mn 6d 2 ss 
4041.431 | Fe 3 
4041.5 Mn 5 oe Iss 
4046.0 4045.975 Fe 30 Os 1] 8s 
4048.818 Zr I 
4048.9 (4048 .883) Iss 
4048.910 ) | Mn-Cr| 5 
4055 .023 fe 3 
4055.1 3 I ss 
4055.6 4055.701 Mn 6 I ss 
4059.0 4058 .915 Fe-Cr I ss 
4063.7 4063.759 Fe 20 rl | .... 5 ss 
4067 .3 4067 .139 Cr-Fe | seve | | 2 ss 
4071.9 4071.908 Fe 15 wees t 4 8s 
4077.9 4077 .885 Sr 8 | 20; 51 | 201 
4084 .647 | Fe 5 | 
4085.0 4085.161 Fe 4 Cen|ter of} con fused|group 2 ss 
4085. Fe | 4 | | | 
4101.9 4102.000 | 40N | goll | goll| soll | 20 | 15 ll | 
4109.905 2 
Fe | 3 | | 


* Runge and Baschen’s value. * Ce-7i-Fe, Zr. 
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TABLE I1— Continued. 


From Row.anp’s TABLE 


| 


INTENSITY AND CHARACTER OF LINES 


Observed 
Intens. 
Wave-length |Substance| and | 1 mtiwiiiy 
| charac. 
| 
4118.708 fe 5 
4123.2 4123. 384 La I Os ol OM 
4128.3 4128.251 Ce-V,—| 6d = 
4132.1 4132.235 Fe-Co | 10 | 
4137.3 4137.156 Fe 6 
4144.0 4144.038 Fe 15 Os wena pee 
4149. 360 Cir 2 | 
4156.3 415.391 Zr I 
4163.9 4163.818 Cr-7Ti,-| 4 
4167.6 4167 .438 8 
4171.9 4171.854 C, Fe? 2 
3 
4173.7 3 
4177.8 4177 .698 3 | 
4179.0 3 
4154.15 4 
4184.3 
4188.0 4187 .943 Fe 
4191.7 4191.595 Fe 6 
4199.2 4199.267 Lr-Fe 5 
4205.4 4205.545 Fe IN 
4215.7 4215.703 Sr 5d?) 81 Io | 211 11] 31 
4226.9 4226.904 Ca 20d? ; 31 
4233.4 4233. 328 Mn 4 
4247.0 4246.996 Sc 5 5s si 0] 
4250.8 4250.945 Fe 8 
4254.5 4254.505 Cr 8 2s Os 
4260.5 4260.640 Fe 10 vee 
4267.8 4267.985 Fe 3 
4271.8 4271.934 Fe 15 
4274.9 4274.958 Cr 74? | Om | .. 
4282.4 4282.565 Fe 5 | 
4283.1 4283.169 Ca 4 
4289.6 4289.525 Ca 4 ei Os 
4289.9 4289 .885 Cr 5 Is Os 
4294.3 4294. 301 Fe 5 Is Os 
4300.2 4300.2I1 Tt 3 | Is oll | 
4302.3 4302.353 Fe 2 bs 
4302.8 4302.692 ps 4 
4307 .907 @ 3 
4313.2 4313.034 3 Is 
4319.0 4318.817 Ca, Mn?| 4 Os Is 
4321.0 |  4320.907 Se 3 Is 
4326.0 | 4325-939 Fe 8 Os Is 
4340.6 | 4340.634 Hy 20N | 6011 jroo ll | 6011 | go ll | 30 


323 
| 
2 ss 
358s 
28s 
Oss 
5 ss 
4ss ae 
2ss 
2ss d 
Oss 
3 ss 
38s 
2ss 
I ss 
2ss 
I ss 
| 2 ss 
2ss 
2ss 
151 
| Iss & 
8] 
ai 
81 
38S 
48s 
Oss 
48s 
5 ss 
I ss oa 
2 ss 
4s 
6s 
8s 
2ss 
2 ss 
6 ss 
38 
5s 
| 8s 
I ss 
100 ll i 
| 
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TABLE — Continued. 


4352. 
4359. 
4363. 
43067. 
4370. 
4374. 
4376. 
4383. 
4395. 
4399. 
4400. 
4404. 
4408. 
4415. 
4417. 
4422. 
4427. 
4430. 
4435. 
4443. 
4450. 
4455. 
4461, 
4468. 
4471 
4490. 
4494. 
4501. 
4508. 
4515. 
4520. 
4522. 
4528. 
4534. 
4541. 
4549. 
4554. 
4558. 
4504. 
4572. 
4584. 
4588. 
4601. 
4611. 
4619. 
4629. 
4634. 
4646. 
4651. 
4656. 


8 
9 
3 
8 
7 
6 
I 
9 
5 
9 
7 
2 
7 
7 
5 
9 
3 
8 
6 
8 
5 
.6 
2 
8 
4 
5 
6 
3 
9 
9 
I 
6 
8 
3 
8 
fe) 
I 
5 
3 
Oo 
4 
4 
5 
5 
5 


Observed 
wave- 
length 


From Row.Lanp’s TABLE 


Wave-length ‘Substance 
4352.908 Fe 
4359-784 Cr 
4363.267 Cr 
4397 .749 Fe 
4369.941 fe 
4374.628 Se, 
4376.107 fe 
4383.720 Fe 
4395.201 Tt 
4399 .935 7%, Cr 
4400.555 Se 
4404 .927 fe 
4408 .582 fe 
4415 Fe 
4417.884 Ti— 
4422.741 Fe, Y 
4427 .482 Fe 
4430.785 fe 
4435-129 Ca 
4443.976 Ti 
4450.654 Ti? 
4454-953 Ca, Zr 
4461.818 fe 
4468 .663 Ti— 
4471.646 He 
4490.253 Mn-Fe 
4494.738 Fe 
4501.445 71,— 
4508.455 Fe ?,— 
4515.508 
4520.397 Fe 2,— 
4522.974 Tt 
4528.798 Fe 
4534-139 Tt-Co 
4541.690 Cr 
4549.808 Ti-—Co 
4554.2I11 Ba 
4558.827 Cr? 
4563 .939 
4572.156 Ti— 
4584.018 Fe— 
4588. 381 
4600 .932 cr 
4611.469 fe 
4618.971 Fe— 
4629.521 | 7i-Co 
4634.254 
4646. 347 Cr 
4651.461 Cr 
4656.644 
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* Runge and Paschen’s value. 
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TABLE I1.—Continued. 


From Row Lanp’s TABLE INTENSITY AND CHARACTER OF LINES 
Wave-length Substance nt I II Ill Iv | v VI 

charac. | 
| | | 

4668.4 |  4668.331 Fe 4 388 
4085.4 4085 .452 Ca 2N .... | 11 rl | 211 51 
4704.0 4703.994 Ni 3 I ss 
4754.1 4754-225 Mn 7 ss 
4763.9 4764.108 | oss 
4780.3 4780.169 Co 2 Oss 
4799.4 4799.598 Fe I oss 
4805.3 4805.285 3 ss 
4823.8 4823.697 Mn 5 ae 358s 
4827.9 4827 .804 00 I ss 
4841.0 4841.074 3 Oss 
4847.6 |  4847.497 Ca I ss 
4861.5 4861 .527 30 8oll | 8oll | goll | | 150 ll 
4871.6 | 4871.512 Fe 5 38s 
4877.6 | 4877.772 I ss 
4883.8 |  4883.867 Ytearth| 2 | 2 ss 
4891.5 |  4891.683 Fe 8 | 35s 
4900.1 | 4900.095 2%, 401-3 2 ss 
4911.2 | 4911-374 I I ss 
4920.5 | 4920.685 fe 10 38s 
4924.2 |  4924.107 Fe 5 | 10S 

| 4934-214 
4934.3 4934-277 Ba, Fe: | | 6s 
4939.9 | 4939-868 Fe | 3 I ss 
4957-8 | 4957.785 388 
4994-1 | 4994.316 Fe | 3 0 Ss 
4999.8 | 4999. 689 Ti, La 3 ss 
5006.4 |  5006.306 Fe 5 Oss 

|  §014.369 7i 2 
5018.7 5018.629 Fe 4 6 ss 
5041.9 5041.795 Ca | 2 | Oss 
5167.5 5167.497 Mg | 15 | 48s 
5172.8 5172.856 Mg 20 
5183.8 5183.79! Mg 30 | 48s 

5204.680 Cr 5 
§204.7 Fe 3 | | ‘wen oss 


DESCRIPTION OF TABLE III. 
Table III gives a list of the elements and the number of 
long and short lines due to each found on the films. The 
symbols ss, s,/, and // have the same meanings here that are given 


*Runge and Paschen’s value. 
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to them in Table II; that is, they designate respectively very 
short, short, long, and very long arcs. The long arcs, as already 
explained, are due to appreciable amounts of light of these par- 
ticular wave-lengths coming from great elevations in the chromo- 
sphere, while the short ones denote wave-lengths that are given 
off from lower parts of the Sun’s atmosphere. 

A double column is given under the several lengths. The 
first in each pair, marked simg/e, refers to lines which in Rowland’s 
table are attributed to single substances, while the column 


TABLE III. 
LENGTHS OF THE CRESCENT ARCS. 


ss s ] | ll 
Substance 
Single Mixed Single Mixed Single Mixed | Single Mixed 

Al 2 

Ba I I 

Ca 5 i 2 3 I 3 ee 

Ce 3 I ie 

Co 3 5 2 “- 2 2 

Cr 8 3 3 3 3 I 3 2 

H 10 I 14 I 

Fe 65 19 25 5 

Mg 3 4 I I 

Mn 9 8 2 2 | | 2 2 

Ni 6 3 2 I 

Pd 3 

Sc 4 I 2 2 I re 

St ee | I 

Na 2 | 

7i 34 18 10 3 4 6 | 15 6 

V b 2 

Y 4 I I 

in re I ‘ | 

Zr 5 5 I I I 
Unknown 20 II 6 4 | I 4 | I 3 


designated mixed has reference to lines which are assigned to two 
or more elements. Itis impossible, of course, to determine just 
what substance or substances any of these lines, as they occur 
on my films, are due to, though in many cases one would 
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naturally suspect them to be produced by iron or titanium rather 
than by other elements that give lines of nearly the same wave- 
lengths. But such a separation would be entirely arbitrary, and 
I shall not attempt it. . 

Table IV gives the approximate heights, as determined from 
the spectrum arcs on film VI, reached by appreciable amounts 
of several substances in the solar atmosphere. In making these 
estimates I took the semidiameter of the Sun as 9484, and that 
of the Moon as 1013°8, and used that part of each crescent that 
extends from the point of contact across the film in a direction 
roughly parallel to the rulings on the grating. 

The great majority of the arcs are so short that they indicate 
an elevation of less than one second, and many even less than 
half a second; but any substance must extend at least as high as 
the outermost source of its longest lines, and hence only the 
longest arcs are given in Table 1V. These estimates of extreme 
heights are not in close agreement with those of certain other 
observers ; but so much depends on the lines selected, on the 


TABLE IV. 
Approximate 

eight of Substance Wave-length 
substance 

0/25 Al 3944.160, 3961.674 

0.25 Co 4780.169 

0.25 La 4123.384 

0.50 Na 3302.510, 3303.109 

0.50 V 3118.498, 3121.270, 3130.380 
I Ni 3414.911, 3453-039 

I 3600.880 

I Zr 3496.348 

3 Cr 3.422.892, 3433-453 

4 Ba 4554-211 

4 Fe 3737-281, 4376.107, 4383.720 
5 Se 4246.996 

5 St 3905.660 

6 Meg 3829.501, 3832.450 

7 Mn 3442.118, 3460.460 

9 Sr 4077.885, 4215.703 

9 Ti 3349-597, 3383-951, 3685.339, 3759-447, 3761.464 
34 Ca (K) 3933-825, (H) 3968.625 
34 He 4471.646 

34 | 4340.634, (8) 4861.527 
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light-gathering power of the spectroscope, and on the time of 
exposure, that, with differences in these particulars, agreement 
could not be expected. 


DISCUSSION OF THE RESULTS. 


It will be seen that most of the elements that produce a con- 
siderable number of lines give both long and short ones, which 
show that the elements themselves are more or less similarly and 
pretty generally distributed throughout the solar atmosphere. 
It seems, too, from the photographs that the light intensity, and 
presumably the density of each substance, grows rapidly more 
pronounced at greater depths. 

Table II shows that a number of lines which are short on the 
films that had only a few seconds exposure came out as long ones 
on those which were exposed a greater length of time, and this, 
too, indicates a very extensive distribution of the elements in 
the chromosphere, with no narrow separating boundaries pro- 
ducing distinct layers of any kind. 

The streaks of continuous spectra are most marked about 
prominences, and at those places which, owing to irregularities 
in the Moon’s outline, were exposed to the deeper portions of 
the Sun’s atmosphere. But as film I1V, which was exposed two 
minutes during mid-totality, has distinct bands of faintly con- 
tinuous spectra extending approximately from A 3200 to A 5200— 
that is, from near the limit of the ultra-violet up as far as the 
film was especially sensitive —it would seem that, whatever this is 
due to, whether to great quantities of gas or to more concen- 
trated masses, it must extend, without very abrupt changes, pretty 
much throughout the solar atmosphere, but in rapidly decreasing 
amounts at higher levels. 

There are two lines in the ultra-violet that perhaps deserve 
special mention, since they are quite distinct in appearance from 
any of the others, being very long, broad, and hazy, seemingly 
true coronal lines. Their approximate wave-lengths are respec- 
tively 4 3388 and A 3456.5, so nearly coincident with the titanium 
lines 43387.988 and A3456.528 that I could not distinguish 
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between them by measurement; and, in fact, it is not their posi- 
tions on the films, but their general appearance, especially as 
produced by the long exposure, that makes me doubt their 
titanium origin. 

I have tried to find what relations, if any, exist between the 
lines given in Table II and the spectra of the elements as pro- 
duced under various other conditions; but so far no very close 
relation has been discovered, except the natural one that in 
general the heavier, and only the heavier, Fraunhofer lines 
appear as bright lines in the flash, and that the relative intensi- 
ties in the two cases are roughly comparable. 

A line that comes out strong, both in the arc and the spark 
spectrum, is likely to appear also in the flash spectrum. Prob- 
ably, too, the chances are more than even in favor of the appear- 
ance of the “enhanced” lines, but the exceptions are too many 
and too decided to justify speculations based on this important 
phenomenon. 

It is evident from the tables that, with the exception of those 
produced by hydrogen and helium, the great bulk of the lines 
are due to elements belonging to that Mendelejeff series which 
terminates with the iron, nickel, and cobalt groups; but there 
can be no surprise in this, since the same is true of all the identi- 
fied solar lines, and it simply shows that the upper and lower 
levels of the Sun’s atmosphere contain, in the main, the same 
elements, and that the Fraunhofer lines are true reversals of 
gaseous bright lines. 

SHADOW BANDS. 

It was no part of my programme to observe the shadow 
bands, but I happened to see them very favorably several seconds 
before the eclipse became total. They were quite distinct, 
though the edges were not sharply marked, and only some eight 
or nine inches from center to center. 

I was aware of the great variety in the estimates that have 
been made of the velocity with which these queer shadows move, 
and I was surprised to find that I should have to add another, 
distinctly different from any with which I was familiar, for, with 
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the exception of a slight tremulous motion, they seemed to me 
to be nearly or altogether stationary. But by this time the 
spectroscope was claiming my attention, and I had no oppor- 
tunity to watch them further. However, a Dutch official, who 
at the time of the eclipse was only a short distance from our 
station, told me that he watched the bands carefully, and that at 
first they were narrow and practically stationary, but subse- 
quently seemed to grow wider apart and to move faster and 
faster till they were wholly lost to view. 


SUGGESTIONS. 


It seems to me that it would be very desirable, in connection 
with the work at future eclipses, to obtain photographs of as 
many of the flash and coronal lines as possible, and for this pur- 
pose both prism and direct grating spectroscopes may be used, 
but in either case it would probably be well to make at least 
some very long exposures on carefully backed plates. The 
strong lines would of course be greatly overexposed, but these 
are already known, and the long exposures would bring out many 
of the fainter ones. A few exposures could be made with 
advantage both just before and just after totality, and to allow 
for some judgment on the part of the operator, the plate or film 
magazine should be amply stocked so as to meet any such con- 
tingencies as unexpected duration that might arise. Perhaps it 
would even be well to have one exposure covering the whole of 
the eclipse, except the two flashes, for the sake of detecting the 
faintest of the coronal lines. 

I would suggest that the grating be put in approximate focus, 
either by careful measurement based on a knowledge of the grat- 
ing itself, or by some such method as that devised by Mr. 
Jewell. But since it is so essential to have exact definition I 
would strongly urge final focusing, just before totality, on the 
narrow crescent of the Sun. 

Besides the spectroscopes already mentioned I should par- 
ticularly like to see a concave grating used with a slit and mounted 
according to the Rowland method. In this case mirrors alone 


i 
A 
| 
Ae 
| 
| 
| 
| 
. 
& 
| 
| 
| | 
| 
| 
| 


SPECTROSCOPIC ECLIPSE RESULTS 331 


should be used in focusing the light on the slit, so as to avoid all 
chromatic aberration ; and it should be done so as to get as much 
as possible of the light on the ruled surface of the grating, for 
the only serious danger is that there may not be light enough. 
A suitable portion of the spectrum could be observed visually by 
the operator, who should be able to so shift the image as to keep 
its brightest portion on the slit. It would be very desirable in 
this case to have the disappearing and the reappearing crescents 
tangent to the slit, and this could be obtained either by an image 
rotator, or preferably, for the sake of economizing the light, by 
suitably rotating the spectroscope itself between the exposures. 
I would suggest an exposure at each flash and a single long one 
between these with the instrument set to catch the brighter 
parts of the polar streamers, and further that each of these be 
followed by a comparison arc spectrum on the same plate. Iam 
quite sure that taking a comparison spectrum need not con- 
sume much time, for I have obtained very fair iron spectra, using 
a grating of twenty-one feet focal length, with an exposure of 
one second. With such plates as these, even if the lines were 
not very numerous, it would be possible to detect any slight 
changes in wave-length due to velocity of the polar rays or to 
any other cause, since these changes would be the residuals, if 
any, left over after allowing for the ordinary line of sight motion 
due to such known causes as the rotations of the Sun and Earth 
on their axes, and the motion of the Earth in its orbit. 

There is just one other suggestion I should like to make. 
The photographic plates evidently ought to be as sensitive as can 
be obtained through the whole range of the spectrum to which 
they are exposed. But those commercial plates which are most 
sensitive to the ultra-violet, are not the best for the green and 
yellow, nor, on the other hand, are orthochromatic plates the 
quickest in the region of short wave-lengths. This trouble, I 
fancy, may be overcome in several ways. The makers may be 
persuaded to coat the two ends of the plates or films with differ- 
ent emulsions, one for the violet, the other for the green of the 
spectrum; or it would be quite practicable to take, say, a “gilt 
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edge”’ plate and suitably stain one end of it, thus rendering that 
part orthochromatic while leaving the other end particularly 
sensitive to the violet. 

I am aware that these suggestions may either be old, or on 
actual trial found somewhat wanting; but I do not remember 
having seen them, and they are offered because I believe they 
are practicable and that they would give some desirable results. 


UNIVERSITY OF VIRGINIA, 
April 1902. 
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ON THE SEPARATION OF CORRESPONDING SERIES 
LINES IN THE MAGNETIC FIELD.' 


By C. RUNGE and F. PASCHEN, 


PRESTON observed that lines of different elements which cor- 
respond in respect to the laws of series are separated in the same 
manner in the magnetic field, viz., so that on the scale of vibra- 
tion numbers the components of corresponding lines have the 
same distances in the same strength of field. 

For testing this law as accurately as possible we selected the 
lines of the second subordinate series in the spectra of mercury, 
magnesium, zinc, cadmium, and strontium. The lines of the first 
subordinate series are not as well adapted for this purpose, 
because they exhibit a smaller separation and also because the 
satellites that occur there disturb an accurate determination. 

The spark spectra of Hg and Zn were simultaneously produced 
by passing the spark between two pieces of sheet zinc, one of 
which had been amalgamated. Spark spectra of Zu and Mg, of 
Zn and Ca, of Mg and Ca, and of Zn and Sr were similarly pro- 
duced simultaneously by passing the spark from one metal to the 
other. A solution of a strontium salt was placed by drops on 
the zinc electrode for Zz and Sr. These electrodes, which were 
cut into small strips from the sheet metal, were placed between 
the poles of a Dubois electro-magnet. One of them was stretched 
across over one pole-piece and attached to it with pins, while the 
other was placed opposite to it and insulated from the other pole- 
piece by a sheet of mica. The spark thus had the direction of 
the lines of force and was situated in the most intense part of 
the field without being crowded out by the field. In this way 
the poles could be brought up within a few millimeters of each 
other. The field strength varied between 28000 and 33000 c.g:s. 
units. 

' Translated, from advance proofs, sent by the authors, of a paper to appear in the 
Sitzungsberichte der Kgl. Akad. zu Berlin. 
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By producing the two spectra at the same time we avoid the 
determination of the field-strength, which cannot be made with 
the same relative accuracy as the measurement of the distances 
of the components. The only essential is to preserve the field- 
strength constant during an exposure, while the field-strength 
may be different for different exposures. We therefore gave no 
particular care to securing accurately the same separation of the 
poles after the pole pieces had been moved apart in order to 
attach the metals. But attention was given to maintaining the 
constancy of the current of the electromagnet during the 
exposure, by throwing out a corresponding resistance from the 
circuit with an increasing temperature of the resistance coil, so 
that an ammeter indicated the same current within a few per 
cent. 

Only five of the nine components of the Ag line at 5461 
were measured, the outer ones being too faint to come into ques- 
tion in the confirmation of the law. Similarly, only seven of the 
nine components of the line at 4811 were measured. 

The distances of the components are given in the following 
table on the scale of the vibration numbers, where by the vibra- 
tion number we mean the number expressing the vibrations the 
light makes in passing overa distance of Icm. The distances 
are computed from the center of gravity of the components, and 
are designated by the sign + when the components lie on the 
side of larger vibration numbers. 

These four plates show that as far as the accuracy of the 
measurement goes, the distances of corresponding components 
on the scale of the vibration numbers are the same in the same 
field. Ifthe lines were normal triplets, which, according to the 
views of H. A. Lorentz, correspond to the vibrations of an elec- 
trically charged particle vibrating freely about its position of 
equilibrium, then it would follow from the equality of the dis- 
tances that the ratio of the charge to the mass of the particle 
was the same in the spectra of the different elements. We 
should then be inclined to assume that we were dealing with the 
same particles in the different spectra, which represent an inter- 
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| Differ- Cd Ca Differ- 
Mg 


| 2s Mg | ence 1 Order | 2 Order ence 
| | 
| —2.76| —2.83 +0.07 
—1.90 —2.15| —2.14| —2.06/ —0.05 
| —1I 30 | 29 | —1.39 +o 
| —0.66| —0.67 0.01 74| —O. —o. —0.0 
0.00} 0.00 | —o.01| +0.04} +0.02| —0.04 
& 54 +0 . 62 | +0.64 | —0.02 | | +o.69|} +0.70; +0.70| 
1.92] 2.12) +2.13] +2.02 0.04 
| +2.80 | +2.78 | | +0.02 
—2.59 —2.59| 0.00 | —2 73 | —~2.79 | | +0.06 
| —2.01 | —2.03| +0.02 | —2.16| —2.14 | —0.02 
Zn 4722 | —0.68| —0.67| —o.01| Mg 5173) —o.71| | 0,00 
Hg 4359 —0.05| Cd 4800 | | 
1.98 | 1.96] +0.02 | | 2.07 | 2.8%) | —0.0 
| +2.64| +2.63| +0.01) 12.86} +2.79 | | +0.07 
| —2.65| —2.67| +0.02| | —2.82| —2.82| | 0,00 
| +o.01| 0.00] +0.01 —0.02 0.00 | | —0.02 
& 4047 | 2.64 | +2.06| —0.02| - | +2.84 +2.82 | +0.02 
| —1.83| —1.94| 4-0.11| —2.02) —2.03| | +0.01 
| —1.26) —1.24) —0.02| 34 00 
| ~0.67/| | —o. —0o0.69 0.01 
| —0.04| 0.00] —0.04| | +0.02| +0.01 +0.01 
| +0.65| +0.60) +0.05 | | +0.67| +0.68 | —0.01 
| +1.22] +1.31| —0.09| | +1.36| +1.37 | —0O.O1 
| +1.92| +1.91| +0.01 | | +1.98| +2.00 | —o.02 
| 
| —2.45 —2.51| +0.06 | —2.65| —2.68 +0.03 
| —1.90) —1.88) —0.02) | —2.06| —2.04 —0.02 
Mg 5173 | —0.66) —0.61| —0.05| 4722 | —0.67| —0.67 |} 0.00 
Zn 4722 | +0.60| +0.66 | 70-06 | Cd 4800 | +0.67| +0.69 —0.02 
| +1.90|} +1.85 | +0.05 | +2 .04 | +2.04 0.00 
2.51) +2.48 | +0.03 | | +2.66 | +2.66 0.00 
| | | | | | 
| —2.51| —2.50| | —2.72| —0.0I 
~0.01| 0.00} —O.OI | | 0.00| 0.00 0.00 
| +2.52| +2.50| +0.02 | 497° | 42.72| +2.71 +0o.o1 


molecular matter in contrast to the chemical elements. This 
view can also be maintained when the vibrations of the charged 
particles are not free, but if systems of particles are linked 
together and vibrate about their position of equilibrium. We 
then obtain more complicated separations of the spectral lines 
in the magnetic field, as Lorentz has shown. The equality of 
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the distances of the components measured on the scale of vibra- 
tion-numbers, should, however, again be regarded as indicating 
that in the spectra of different elements similar electrically 
charged particles vibrate about their position of equilibrium, while 
the chemical molecules only determine the forces with which the 
particles are drawn back into the position of equilibrium without 
the magnetic field. Thus the spectrum is always different for the 
different elements, but the separation of corresponding lines in 
the magnetic field is the same in the different spectra. 

The second subordinate series was observed in the spectrum 
of Ca and Sr in addition to Hg, Mg, Zn, and Cd. But here the 
first members of the series lie so far to the red as to make pho- 
tography difficult. The second members of the series are already 
distinctly fainter in the spark spectra. However, the strontium 
lines at X 4362 and A 4327 were taken simultaneously in the first 
order with the zinc lines at X 4722 and A4680. The dispersion 
of a large Rowland grating in the first order was insufficient for 
separating the components of the Sr line at ’ 4436. We got the 
impression that the type of the separation is the same as for Hg 
X5461, Zu X4811, etc., but we did not succeed in measuring the 
distances of the components. Both of the other two lines con- 
firmed the law, however, when we consider that the accuracy is 
less than for the lines cited above. 


Sr Zn Differenc 

— 2.69 — 2.86 +0.17 

— 2.27 —2.16 —0.07 

Sr 44362 —0.78 —0.72 —0.06 
Zn 4722 -+-0.68 +0.70 —0.02 
| +2.26 +2.18 +0.08 

2.76 +-2.85 — 0.09 

Sr 4327 — 2.76 2.87 +0.11 
Zn 4680 —0.08 —0.02 — 0.06 
+2.84 +2.89 —0.05 


The three types of the second subordinate series possess a 
relationship, as Runge and Paschen have shown in the case of 
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mercury.’ Referred to the scale of vibration-numbers they 
may be represented in the following diagram. The first line, of 
greatest wave-length, is separated into nine equidistant compo- 
nents in the magnetic field. In case of the second line the central 
component and the second following ones on both sides disap- 
pear. Incase of the third line only the interior components 
and the two exterior ones remain. Accordingly, all three types 


Type //g \ 5461 


Type 4359 


Type Hg 


may be characterized by a single constant, by the distance of 
the neighboring components of the first line, or by the eight- 
fold of this—the distance of the two outside components. This 
distance is a function of the field-strength. 

We have shown here that the corresponding lines for Zn, Mg, 
Cd, and Srv, show the same separation as the lines of mercury. 
In order now to investigate how accurately equidistant the com- 
ponents are distributed we have computed the distance by the 
method of least squares in the five cases on the assumption of 
equidistant distribution, and then have deduced the mean error 
of the deviation from an equidistant distribution. We have for 


Distance of the Mean error of the de- 
outer components | viation from an equi- 
from the center distant distribution 
Zn-Hg 2.63 0.030 
Me-Zn 2.51 0.030 
Mg-Cad 2.81 0.033 
Zn-Cd 2.70 0.021 
Sr-Zn 2.84 0.072 


* ASTROPHYSICAL JOURNAL, 15, 235, 1902. 
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simplicity here given equal weight to all the vibration numbers. 
The mean error so found is so small that we may assert that the 
components are distributed in the manner described, so far as 
the accuracy of the observations goes. 

The fact that the same distance was not observed each time 
on the different plates is explained, as already remarked, by the 
fact that the field-strength was not exactly the same at the 
different exposures. 

There is still another way by which we can investigate whether 
an equidistant distribution of the components applies. We can 
examine for the different elements the deviations of any one 
component from the position which it must have with an equi- 
distant distribution, and investigate whether any systematic 
deviation occurs towards the one side or the other. The mean 
of the deviations should not be further away from the equidis- 
tant position than would correspond to its accuracy. 


Deviations of the 


| Index! mean of the single | Wei: sail 
of the components from 
| components the equidistant | See 
} position 
+0.013 | 2 
“3 +0.003 8 
—2 +0.007 9 
—I —0O.O1I 9 
First type ..... 4 te) +0.004 9 
+1 —0.008 9 
+1 +0.010 9 
+3 —0.012 8 
+4 —o.o18 2 
+0.043 10 
—3 —0.038 10 
J —I —0.014 10 
Second type ... 41 
+3 +0.020 10 
+4 —0.013 10 
( | —4 —0.006 10 
Third type ....< —0.012 10 
| +4 +0.017 10 


* The distance of the equidistant position from the middle, in units of the interval, 
is called the index. Negative numbers denote smaller vibration numbers. 
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According to the number of observations the mean should 
be about three times as accurate as the single observations, aside 
from the two outside components of the first type, which were 
only observed twice, and whose mean, therefore, has only about 
once and a half the accuracy. 

The mean does not have the expected accuracy in case of the 
four outside components of the second line (index: — 4, — 3, 
+3, +4). These show a systematic deviation. The two pairs 
(index: — 4, — 3) and (index: + 3, +4) are closer than they 
should be. I believe, however, that this may be explained by a 
slight running together of the components. If the ordinates of 
two curves which each have a maximum are superposed, the two 
maxima of the resulting curve lie nearer together than those of 
the separate curves. Aside from the extreme components which 
show a similar displacement, the components of the first type 
are not affected in the same way, because here each component 
lies between two equidistant components, whose effect is mutu- 
ally canceled. 

If we except these components the mean error of the devia- 
tions is 0.010, corresponding in fact to the expected accuracy of 
the mean. 


The experimental portion of this investigation was carried out 
by the authors together, but on account of his removal. to 
Tiibingen, F. Paschen was unable to participate in the measure- 
ment of the photographic plates and in the discussion of the 
results of the measures. 
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THE SPECTROSCOPIC BINARY CEPHET. 
By EpwIN B. Frost. 


SIX spectrograms of this star were obtained during the winter 
by Mr. W. S. Adams with the Bruce spectrograph. His meas- 
ures of the third plate suggested that the radial velocity of the 
star varied, and the subsequent plates have confirmed this. 

The spectrum is, in general, of the Orion type, Vogels’ Ib, 
and in particular of Miss Maury’s IIla, of which group the 
typical star is 8 Canis Majoris. 

The principal lines in the region of spectrum in good focus 
on our plates are due to oxygen, silicon, helium, and magnesium. 
The lines are, of course, rather broad and difficult to set upon, 
although much better than in many of the sub-groups of the 
Orion type. A statement of the accordance of the measures 
made on spectra of this character by different observers will, 
therefore, perhaps be of interest. 

I accordingly give the results of the measures of Mr. Adams 
and myself on the five plates which we have both measured, 
together with those I have made on five other plates I have 
recently taken to determine the period. 

RADIAL VELOCITY OF 8 CEPHEL. 


| 


Plate No. | Date Taken by 
| Adams ot Frost No. 
ines lines 

B 255 | 1901 Dec. 18 | Adams — 5.2km) 6 | — 3.9km) 15 

A 304 | 1902 Jan. 8 — 

B 302 Mar. 13 | “ + 4.3 | + 47 12 

A 338 Mar. 26 | — 15.1 10 

B 307 April 2 | . — 19.3 iz2 | —20.3 10 

B 325 April 16 + 10.1 |. +383 I2 
B 336 April 23 | — o8 

B 345 | May 14 | — 22 

B 350 May 16 | + 6.4 II 

B 353s May 23 — 16.8 iI 
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These values are only provisional, as they may be apprecia- 
bly changed when we obtain more accurate determinations of 
the wave-lengths of the oxygen lines, a piece of work upon 
which we are at present engaged. 

It should be remarked that the observer assigns a weight to 
each star line, according to its sharpness, as he measures it ; of 
course he is wholly unconscious of the effect this weighting will 
have on the result. 

The agreement between the measures by the two observers 
is better than had been expected, the difference averaging 1km 
for the four plates taken with camera B, but the decimal of the 
kilometer has no significance. Plate A 338, taken with the short 
camera, is poor, and the comparison lines were overexposed, 
which accounts for the large difference of 6km. As plate A 304 
was a broken one I did not attempt to measure it. 

We had assumed from the first plates that the period would 
be rather long, but a suspicion to the contrary led me to take 
two plates on the night of May 14, and during the interval of 
five and one-half hours the velocity changed by 14 km, or nearly 
half of the whole range so far observed. 

It has not so far been possible to obtain other observations 
of the star at short intervals, so that the period cannot now be 
stated with certainty. This will be settled as soon as the 
weather permits observations on two consecutive nights. 

At certain phases of the star’s variation of velocity there are 
suggestions of additional complexities in some of the lines, 
which may prove of interest, but the data are at present insuff- 
cient for drawing further conclusions. 


YERKES OBSERVATORY, 
May 29, 1902. 
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MINOR CONTRIBUTIONS AND NOTES. 


REMARKS ON PROFESSOR KAYSER’S ARTICLE, “SPEC- 

TRAL PHENOMENA CONNECTED WITH THE COOLING 

OF VERY HOT STARS.” 

Ir has happened that I have only just learned of the criticism of 
my paper on the spectra of stars with both bright and dark hydrogen 
lines, contained in Professor Kayser’s article. In this case I wish to 
depart from my practice of ignoring his criticisms, on account of their 
inappropriate tone, in order to illustrate by a striking example the 
mode of his procedure. 

Keferring to my statement as to the simultaneous occurrence of 
bright and dark lines in the spectrum of one and the same element 
Professor Kayser says: “This expression of opinion shows that 
Scheiner is not acquainted with the numerous experiments which have 
been made on the reversal of spectral lines . . . .” 

In my paper the following sentence directly follows the statement 
referred to:* ‘The phenomena of reversal which may affect some 
lines while other lines of the same element remain single do not come 
into consideration here, since, in addition to the peculiarity here to be 
explained, they appear to arise as further complications in case of some 
of the stars of this class.” 

How Mr. Kayser reaches this criticism in spite of this sentence can 
only be understood on the assumption that he has again committed his 
former error of great superficiality, and has overlooked my sentence in 


respect to the reversal of lines. 
J. SCHEINER. 
POTSDAM, May 1902. 


THE COLLECTED PHYSICAL PAPERS OF HENRY A. 
ROWLAND. 


A VOLUME containing the physical papers of Professor Henry A. 
Rowland, for twenty-five years professor of physics in the Johns Hop- 
kins University, is now in preparation. It will be issued under the 


ASTROPHYSICAL JOURNAL, 14, 313, I9OI. 2 A. N., 156, 198, 1901. 
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editorial direction of a committee appointed for that purpose, consist- 
ing of President Remsen, Professor Welch, and Professor Ames. 

The book will contain Professor Rowland’s articles and memoirs on 
physical subjects, together with his popular writings and addresses, 
numbering sixty in all. These have been collected from over twenty 
different magazines and journals. The subjects treated in these papers 
cover a wide range. In heat there is the great memoir on the 
“Mechanical Equivalent of Heat,” with several shorter articles on 
thermometers. In electricity and magnetism there are the funda- 
mental researches on magnetization, on the ‘“ Magnetic Effect of 
Electrical Convection,” on the “ Value of the Ohm,” on the “ Theory 
and Use of Alternating Currents,” etc. In light there are the renowned 
discovery and theory of the concave grating and the long series of 
investigations made in the field of spectroscopy. Lists of wave-lengths 
will not be reprinted in this volume, as they are readily accessible else- 
where ; and any subscriber to this volume may obtain by application 
to the Johns Hopkins Press, Baltimore, a copy of Rowland’s “ Prelimi- 
nary Table of Solar Wave-Lengths.” There will be, further, a 
description of Rowland’s ruling engine, used for the making of grat- 
ings, details of which have never before been published. ‘The memorial 
address of Professor Mendenhall and a portrait of Professor Rowland 
will also be included. 

The volume will be printed in royal octavo, bound in cloth, and 
will contain between six and seven hundred pages. 

The price set is five dollars net per copy ($5.00; £1. 1.; francs 
26; marks 21) for orders sent in advance of publication. 

Orders may be sent to Professor Joseph S. Ames, secretary of the 
Committee of Publication, Johns Hopkins University, Baltimore, Md. 


A NEW AZGOZ VARIABLE. +43° 41o1.' 


A STRIKING illustration of the value of the library of glass photo. 
graphs collected at this Observatory during the past seventeen years has 
been shown within the last few days. Comet a 1902 was discovered by 
Dr. Brooks on April 14, and it was found that a photograph had been 
taken here on April 3 with the 8-inch Draper Telescope, approximately 
in the direction from which the comet came. An examination of this 
plate was accordingly made by Mrs. Fleming, superposing it upon 


'Harvard College Observatory Circular No. 65. 
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another plate of the same region taken with the same instrument on 
March 7, 1900. No trace of the comet was found, and in fact the 
elements now indicate that it was a little beyond the region covered by 
the photograph. One star, however, in the constellation Lacerta, 
according to Heis, but in Cygaus according to the Uranometria Nova, 
appeared faint on the early plate and bright on that taken later. A 
further examination showed that this object was the north preceding 
component of + 43° 4101. Its position for 1900 is R. A. =21" 55%2, 
Dec. = + 43° 52: The difference in right ascension of the two com- 
ponents is about 2%0, the difference in declination, 0/3. A further 
examination showed that the star was generally bright and constant in 
light, so that it must be a variable of the A/go/ type. It is not very 
distant from the remarkable variable star SS Cyguz, which precedes it 
16", and is 44’ south. This last star was discovered at this Observa- 
tory in 1896 and is ordinarily faint, becoming suddenly bright at 
intervals which appear to be irregular. Only one other star, U 
Geminorum, is known to undergo similar changes. Thestar SS Cygni 
has been carefully studied here, several hundred photographs having 
been taken of it. It has also been observed visually on several hun- 
dred nights both here and elsewhere, but as yet the law regulating its 
outbursts of light has not been discovered. Again the advantage of 
the photographic method is indicated, since each plate taken for SS 
Cygni can be used for studying the new variable, or any others that 
may be discovered in this part of the sky, as well as if taken for each 
alone, while of course the visual observations of SS Cygai can be used 
for no other star. The total number of plates showing the new vari- 
able at full brightness is 388, of which 1 was taken in 1889, 10 in 1890, 
12 in 1891, 8 in 1892, 9 in 1893, 3 in 1894, 10 in 1895, 37 in 1896, 
184 in 1897, 30 in 1898, 37 in 1899, 28 in 1go00, 7 in 1901, and 12 in 
1902. Besides these, the star appears on 54 photographs taken with 
the 2.5 inch Anastigmat, but they have not been included in the present 
discussion, since the proximity of the other component in some cases 
renders it difficult to decide whether the variable is at its full bright- 
ness, or not. 

Besides these plates, 19 were found on which the variable, which 
ordinarily has the magnitude 8.9, was of the magnitude 9.3 or fainter. 
They are enumerated, together with six others taken later, in ‘Table I, 
which gives in the first three columns the year, month and day, the 
Greenwich Mean Time of the middle of the exposure in hours and 
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minutes, and the Julian Day and thousandths. The fourth column 
gives the photographic magnitude, and the fifth, the correction to the 
minimum corresponding to this magnitude. A positive sign denotes 
that the photograph was taken before minimum, a negative sign, after. 
When the star was not seen, the plus and minus sign is used to indicate 
that the correction may have any value within the limits given. ‘Thus, 
the star was of the magnitude 10.5 for about o*71 before and after 
minimum, and accordingly any correction between +o0%71 and —o!71 
may be applied to the observed time of the second plate without indi- 
cating an error in the observation. All of these values are derived 
from the light curve found as described below. At first the period was 
thought to be 14498, but this was found to be an error. The true 
period appears to be about 31°304, and the times of minimum are 
represented by the formula, 2,410,015.05 + 31.304 E. The value of E, 
and the residual found by subtracting the computed time of minimum 
from the time of the photograph, are given in the sixth and seventh 
columns. The eighthcolumn gives the corrected residual found by taking 
the algebraic sum of the fifth and seventh columns. The letter F is 
inserted when the variable was invisible, and the phase is less numer- 
ically than the correction given in the fifth column. In these cases, no 
correction to the period is indicated. ‘The letter m is inserted when 
the phase is less than + 0.45 and the variable is of the magnitude 11.4, 
or fainter, since it is then near minimum and is varying so slowly that 
an accurate correction cannot be obtained. 

It will be seen, from the last column of the table, that all the mag- 
nitudes are nearly represented by the formula, except those derived 
from photographs taken on J. D. 1962, and 4431. On these dates, the 
star was nearly at its full brightness, and the deviations, which amount 
to o.4 of a magnitude, are probably due to errors of observation. 

The form of light curve may be determined by plotting the magni- 
tudes and phases given in the fourth and seventh columns. The star 
retains its full brightness for 28 days, its photographic magnitude at 
maximum being 8.9. About a day before the minimum it begins to 
diminish, attaining the magnitude of 9.0 at 1°.05 before minimum, 
9.5 at 0°.94, 10.0 at 09.84, 10.5 at 0°.71, 11.0 at 0.58, and 11.5 at 0°.43. 
The light remains nearly constant for more than half a day, with the 
minimum magnitude 11.6. The time of increase is more uncertain, 
but apparently is nearly the same as that of decrease. The period of 
this Algo/ star, 31.4 days, is more than three times that of any other 
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TABLE I. 


OBSERVED MINIMA OF -+ 43° 4I0I. 


G. M, T. j. D. Magn. Corr, E Phase Cor. phase 
h m | d 
1891 8 17 19 21 1962.806 9.28 —0.99 | 62 | + 6.908 | — 5.92 
1892 10 22 13 31 2394.563 (<10.5 | +0.71 7 + 0.409 | K 
1895 9 20 15 24 3457-642 | 9.31 | +0.98 | I10 | — 0.848 | + 0.13 
1896 9 30 II 42 3833-487 | 10.52 |+0.71 | 122 | — 0.651 | + 0.06 
9 30 Ig 20 3833.806 | <11.5 |+0.43 | 122 | — 0.332 | F 
13 35 3834-566 | 11.49 | — 0.43 | 122 | + 0.428 M 
10 31 I2 15 3864.510 | 9.64 | +0.90 123 | — 0.932 | — 0.03 
10 3 14 05 3864.587 | 10.02 | -+4+ 0.83} 123 | — 0.855 | — 0.03 
2 31 247 3897-533 | 9.85 | —0.86| 124 | + 0.787 | + 0.07 
1897 I 2 10 SI 3927.452 10.85 | + 0.64 | 125 | — 0.598 | 0.04 
4 6 20 59 4021.874 |<I11.7 0.00 | 128  — 0.088 | F 
5 71 19 34 4o52.815 | 11.54 | +0.36 | 129 | — 0.451 | — 0.09 
9 9 15 16 4177-636 10.02 | -- 0.83 | 132 | + 0.846 |-+ 0.02 
1898 I 13 II 02 | 4303-460 11.69 | 0.00] 137 | — 0.238 M 
21 | 2004 | 4431.836 9.28 |—0.99| 141 | + 2.922 | — 1.93 
1899 8 30) 12 46 4897.532 9.28 |+0.99 | 156 | —0.942 | + 0.05 
1900 3 7] 21 43 5086.905 10.95 | —0.60 | 162 | + 0.607 |+ 0.01 
8 9 20 13 5241.842 9.74 | +0.89 | 167 | — 0.976 | — 0.09 
19001 8 21 | I5 32 §618.647 |<10.6 |+0.69} 179/-+0.181 | F 
1902 4 28) 17 44 5868.739 11.54 | + 0.36 | 187 | —0.159| M 
4 28; 18 18 | §868.762 | 11.44 | +0.46 | 187 | —0.136| M 
4 28] 19 07° 5868.797 11.44 |-+0.46 | 187 | —0.101 | M 
4 28 | 19 37 | 5868.817 11.49 |-+0.44 | 187 | —0.081 | M 
4. 28 | 20 20 5868.847 11.44 |+0.46| 187 | —0.051 | M 
4 28 | 20 34 | 5868.857 | 11.44 |+0.46 | 187 | —0.041 | M 


as yet discovered, and the duration of minimum, 2 days, is double that 
of S Cancri, the next in length. The period of S Cancri is 9.5 days, 
and the duration of mimimum o.9 days. The last minimum of + 43°” 
41o1 occurred on April 28, 1902, at 21°33" G. M. T. The predicted 
times of the next minima are May 30° 4"51", June 30° 12"8", July 
31 19" 26", September 1° 2" 44", and October 2° 10” 2”, 1902. 

The anomalous variations of Schwab’s variable, described in Circu- 
lar No. 64, were explained by the period, 3.38 days, cabled by 
Professor Kreutz, and announced in our bulletin of February 3, which 
also stated that the careful watch of this star, proposed in the Circu/ar, 


would therefore not be necessary. 
EDWARD C., PICKERING. 


May 6, 1902. 
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Handbuch der Astronomischen Instrumentenkunde. 1. AMBRONN. 
Berlin: Julius Springer, 1899. 

THE development of research in astronomy and astrophysics has 
been so closely bound up with the invention and perfection of instru- 
ments that a treatise like that of Professor Ambronn cannot fail to be 
of great service. ‘Through the aid of a most valuable series of illustra- 
tions, engraved in a manner which one would like to see as common 
in the United States as it is in Germany, the detailed construction of a 
host of instruments is rendered clear. Fortunately neither text nor 
illustrations is confined to the larger or more elaborate parts; the 
smaller but no less essential details, such as screws, clamps, axes, etc., 
are treated with the same care that is bestowed upon circles, levels, or 
escapements. Thus the book will be very useful to the designers and 
constructors of instruments, as well as to those who use them. At the 
same time it should be stated that the subject is not approached merely 
from the standpoint of the instrument maker: the theory of the 
instrument, as well as the methods of adjusting, testing, etc., are freely 
given. 

Vol. I, which comprises 500 pages, opens with some remarks on 
the principles that underlie the construction and use of astronomical 
instruments. Bessel’s statement that the purpose of an astronomical 
instrument is the determination of a star’s position at a given time is 
taken as.the motto of these introductory pages, and in some degree of 
the entire book, for the space and treatment accorded to astrophysical 
instruments, with the exception of photometers, is strikingly inadequate. 
Chap. i, which deals with screws, describes numerous types of screws 
used in the construction of instruments; micrometer screws, though 
far more important, are passed over lightly, though the ordinary 
methods of determining their errors are described. It is curious that 
no reference is made to Rowland’s well-known article in the Zxcyclo- 
pedia Britannica, on his method of making a perfect screw. It would 
also seem natural at least to mention the fact that the errors of screws 
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can be directly measured with high precision by means of the inter- 
ferometer. 

The following chapter, on levels, gives in much detail the methods 
of making, filling, testing, and using precision levels. Chap. iii 
contains a good account of artificial horizons and collimators. The 
first section of the work is concluded with chap. iv, which discusses 
verniers and reading microscopes. 

Sec. 2, comprising 115 pages, is devoted to clocks and chronom- 

eters. In view of the importance of Guillaume’s work on the nickel- 
steel pendulum, it is strange that it is not referred to. Sec. 3, on the 
separate parts of instruments, devotes 209 pages to a discussion of axes, 
objectives and specula, tubes, reticles and their illumination, as well as 
methods of determining the focal length of lenses, variation of focal 
length with temperature and pressure, magnification, size of field, and 
light-gathering power. 
_ The volume concludes with a chapter on divided circles, including 
an account of dividing engines and the investigation of division errors, 
methods of mounting circles on instruments, determination of eccen- 
tricity, procedure in observations, and clamps and slow motions. 

Vol. II opens with a section of 117 pages on micrometers. Under 
double image micrometers, which occupy one of the two chapters of 
this section, the heliometer is fully illustrated and described. This 
should form one of the most useful portions of the book. Sec. 5 deals 
under chap. xii with instruments for special purposes, including 
photoheliographs, heliostats, photographic refractors, and machines 
for measuring stellar photographs. Chaps. xiii and xiv, respectively, 
describe photometers and spectroscopic apparatus. Professor Ambronn 
states that limitations of space prevent any adequate treatment of spec- 
troscopes, and aims to give only the principles of construction and to 
describe a few typical instruments. It is, therefore, the more unfortu- 
nate that his discussion is not based upon the consideration of resolving 
power, and that much space is wasted on obsolete instruments. A 
description of the first Potsdam spectrograph is given, but nothing is 
said about the determination of stellar motion in the line of sight! It 
would be easy to point out many other serious defects in this chapter, 
which make it practically useless to spectroscopists and misleading to 
those who are unfamiliar with the subject. 

After devoting a chapter to sextants and other reflection instru- 
ments, the author takes up universal instruments, altazimuths, vertical 
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circles and zenith telescopes. In the 223 pages allotted to this and the 
following chapter on transit instruments and meridian circles a large 
amount of valuable information is brought together. Here, in partic- 
ular, the provision of numerous illustrations adds greatly to the value 
of the text. After a chapter on chronographs, equatorially mounted 
refractors are treated in a chapter of 109 pages. The description and 
illustrations of Repsold’s mountings will be found very useful. It is 
interesting to compare these light and highly finished mountings with 
the much more massive mountings of the type evolved by Warner and 
Swasey. It is easy to see that the ideas which govern the design and 
construction of a microscope have strongly influenced the designers of 
these instruments. The American designers have approached the 
problem from the standpoint of the engineer, and it is a natural conse- 
quence that their mountings should differ widely from those of the 
German school. It is not improbable that this difference will be still 
further emphasized in the future, in such a way as to materially reduce 
the complexity of such a mounting as that of the 4o-inch Yerkes 
refractor. In the case of large instruments it seems reasonable to 
suppose that the electric motors for producing the quick motions 
might advantageously be placed at or very near the point where their 
work is to be done, rather than within the telescope column, whence 
the power is transferred through long shafts and complicated trains of 
gearing. It should be said, however, that the mounting of the 4o-inch 
telescope has proved entirely successful. The ease with which spectro- 
scopic attachments weighing as much as 700 pounds are carried by 
the great tube, the steadiness of the driving clock, and the convenience 
of manipulation afforded by the electric motors, indicate that the 
designers knew how to meet the difficulties presented by this problem. 
All of the large Warner and Swasey mountings are illustrated, but 
Gautier’s mountings are not adequately represented among the cuts. 

Reflecting telescopes and special instruments, such as the equatorial 
coudé, are described in chap. xx, in which there is also a brief account 
of the errors of adjustment of equatorials. The work closes with a 
short section on observatory construction, giving the details of domes 
and shutter mechanism, piers, etc. ‘The index is arranged with refer- 
ence to both authors and subjects. 

In spite of a few shortcomings, some of which are supplied by 
other works, Professor Ambronn’s volumes will be indispensable to 
all astronomers who wish to keep in touch with the development of 
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The Cause of the Structure of Spectra. By WiLLiAM SUTHERLAND. 
Phil. Mag. (6), 2, 245-274. 1901. 

The subject-matter of this paper may be divided into two parts. 
In the first part is included a method of generalizing Balmer’s formula, 
so as to bring out the principle of harmonics in spectra; several exam- 
ples of harmonic series; and observed facts in evidence of purely 
numerical relationships in the values of spectral parameters of different 
elements. In the second part is included a discussion of the above 
observed facts ; a kinematical analysis of Balmer’s formula, and Ryd- 
berg’s laws, and an interpretation of the results as applied to the pro- 
duction of spectra. 

BALMER’S FORMULA. 

Balmer’s formula, which represents with surprising accuracy the 
wave-lengths of the ordinary line-spectrum of hydrogen, is usually 
written 

4 
or 
(2) 
where A is the wave-length; ~, its reciprocal; A,, ”,, and B are 
constants; and m assumes integral values beginning with 3. The 
formula may also have the more general form given it by Rydberg, so 
as to apply to elements other than hydrogen ; namely, 
B 
n (3) 
where & is supposed to be constant for all substances, while 7, and pu 
vary, and m has integral values as above. If now we can give m the 


r 
general form, fp + = where /, x and s are integers, s being small, we 


shall have these formulz so expressed as to represent harmonic relations 


in spectra. 
Further, if A is the wave-length in free ether and V, the velocity 


of light, then the time of vibration, which is equal to = in terms of 
equation (3) is 
I I I 
T= —— | (4) 
2V1 41, - 1B 4 
| (m +- (m + p) 


where, it will be noticed, t is expressed as the sum of two times. As 
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will be shown later, this equation admits of a purely kinematical inter- 
pretation, and this uneven vibration, of which r is the time, will be 
found to be the result of the relative motion of the two parts of an 
‘‘ oscillator,” the direct cause of the vibrations of light. 


HARMONIC SERIES. 


By solving equation (1) for m, using Professor Ames’ values for 
63 lines of the hydrogen spectrum, and also his value for A,, Suther- 
land found that, with few exceptions, all these wave-lengths can be 


I 
quite well reproduced by a value of m of the form f + -* the excep- 
r 
tions being of the form f# + —, where, as above, f and ¢ are integers, 
; 


and s is a small number, 1, 2, 3, - - - . This value of m having been 
put in the formula, the author sought other examples to justify the 
substitution. 

The new series of hydrogen lines discovered by Pickering in the 
spectrum of the star  Puppis can be expressed by Balmer’s formula 


written in the form 
(m + *) 
A = A. 
(m + *) —4 


which besides giving three of Professor Ames’ values of A in air, gives 


I 
the missing values for which : has the value—-. 
2 


Further, Rydberg considered this new series the “ sharp series’’ of 
the hydrogen spectrum, and by applying his principles predicted that 
there ought to be a principal series which has in common with the new 
series the chief line 44687.88, which, in fact, almost exactly coincides 
with the line 4688 found in the spectra of stars of the fifth type. ‘The 
important fact in the present connection is that this number was 
obtained from formula (3) by giving w the value o.5, which again shows 
the importance of this fraction. 

Another example is furnished by a special series among the subor- 
dinate lines of magnesium. This may be represented by the formula 
107250 


2.343\2 


I 
where s has the integral values 3 to 8, and w has a value nearly - +S. 


i 
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NUMERICAL RELATIONS IN PARAMETERS. 


Rydberg found that in the case of series of pairs, equation (3) gives 
one of the parallel series while the other is given by adding to», a 
constant v, the common difference between the pairs. In the case 
of series of threes, the other two series are given by increasing 7, by 
v,, and v,, respectively, the constant differences in the threes. 

For Zn, Cd and Hg, v, has the values 386.4, 1159.4, 4633.3, where 
the second and third numbers are respectively very nearly 3 and 12 
times the first number. The values of v for Wa, KX, Rd, Cs, are 17.2, 
56.8, 234.4, and 545.0, respectively, while 1, 3, 12 and 28 times 19.6 
with 2 substracted are 17.6, 56.8, 233.2, 546.8. 

The values of » in the formula for the sharp series of the lithium 


2 
family are 1.597, 1.66, 1.80, 1.667, 1.60, which are nearly 3, I _ I ., 
5 
I 


aS I 4 respectively, where the fractions are multiples of — and —, 
3 5 
whose difference is 0.133. The successive differences of mw in the prin- 


cipal series of the same family are 0.135, 0.133, 0.067, 0.0, two of these 
being equal to the characteristic difference in the sharp series, and the 


third equal to : of it. 
DISCUSSION OF OBSERVED FACTS. 
The fact that the hydrogen lines can be so nearly represented by 


Balmer’s formula by giving m the values f + — indicates vibrations 


perfectly analogous to harmonic vibrations of a circle in which all pos- 

sible modes of vibration, including fundamental, overtones and under- 

tones, are represented by the fraction a where g and s are whole 

numbers. Now, if the origin of all the main vibrations be taken at the 

same point, many of the nodes will coincide, and the most pronounced 


; I 
vibrations will be for wave-lengths of the form pf + ~, the fractional part 


being regarded of most importance when s= 2, next when s == 3, etc. 
As the examples given above seem to justify this comparison, we see 
that in series of lines we are dealing with modes of vibration analo- 
gous to harmonics. 

The examples cited above show that the relation between the values 
of v for different elements of a group is purely numerical, and is not 
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directly connected with atomic weights. This fact, together with the 
evidence of other purely numerical relations in spectral parameters, 
indicates that the relations among spectral lines are controlled by 
kinematical and not dynamical conditions, an idea which is also 
brought out by Balmer’s formula. 


KINEMATICAL ANALYSIS OF BALMER’S FORMULA AND RYDBERG’S LAWS. 


Formula (4) suggested to the author the idea of an atom simplified 
to a circle round which a disturbance with angular velocity z travels in 
opposite directions. Calling its radius-vector the disturbance-vector, 
and another vector traveling with velocity uw, the reference-vector, he 
found that there is established an uneven vibration whose period is 


| 
| 

= 


I 
I 
v m+p’ 


where rt, is the natural period of vibration of the circle when the refer- 
ence-vector is at rest. The ratio of the velocities has a series of values 
depending on m+ yp. Now substituting for #, its value as derived 
from Rydberg’s laws as applied to spectra containing principal, diffuse 
and sharp series, we have 


am (1 +)? (tye)? 

VB (or = VB ) (6) 
_ 


where s and / refer to sharp and principal series respectively. This 
shows that “the principal and the sharp series in the spectra of the 
alkalies result, respectively, from the fundamental motion of the refer- 


ence-vector with the motions of velocities, 1 + gu, 2+ gu, ... m+ pp 
of the disturbance-vector, and from the fundamental motion of the dis- 
turbance-vector with the motions of velocities 1 + ,u, 2-4 su... . sp 


of the reference-vector.”’ 
To carry this a step farther, Sutherland accepts the results of Stoney, 
who by a kinematical analysis shows that the origin of doublets and 


| 
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triplets may be ascribed to the motions of electrons describing elliptic 
orbits. If these orbits be simplified to circles the angular velocities of 
the radius-vectors will form a series 1, 2, 3... ., which, however, gives 
the ordinary series of harmonics. The harmonics analogous to a 
vibrating circle are supplied by the mechanically vibrating atom, whose 


2m 
fundamental frequency may be represented by D and the frequency of 


its standing waves by 
27 


Now the electron is supposed to revolve round the atom ina nearly 
circular path, and to have its energy renewed by periodic collisions 
with the atom at the middle of a standing wave. Incase the frequency 
of the electron is a multiple of the standing wave, there will be reso- 
nance, and the electron will absorb a maximum of energy. Assuming 
the angular velocity of the electron to be a constant o, the periods 

2m 
between successive collisions of atom and electron will be (4 + ‘) —. 
s} w 
In case of resonance, these must be multiples or submultiples of 
r\ 20 
(2 + ‘) 2D’ the corresponding period for the standing wave in the atom. 


Whence we see that ora the characteristic period for an electron, 
a 
period of the atom. But by the Kinetic Theory of Solids, the 
mechanical periods of the metals are calculated from their rigidities at 
absolute zero, and proved to exhibit simple harmonic relations. Hence 
the characteristic period of an electron is also harmonic. 

This same theory brings out the result that the periods of the 
beryllium family are nearly equal to one-half the corresponding periods 
of the lithium family, which seems to indicate that there is a single 
fundamental period of vibration to which the periods of all the ele- 
ments are related. This fundamental period is found to be of the 
order 3.5 X 10% which is of the same order as that of light. The 
period of this common harmonic is probably the same as the period of 
the electron. 

Now the positive and negative electrons may have different periods 


must be a multiple or submultiple of —, the fundamental mechanical 


of vibration which we may write (m + p,) — and (m+ uz.) 24 , Tespect- 
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ively, where mw, and mw, are generally harmonic fractions. The relative 
motion of the radius-vector then gives the type shown to be necessary 
by our kinematical analysis of Balmer’s formula. Equations (6) and 
(7) then show “that a series in a spectrum arises from the several 


relative motions obtained from the motion of period (1+ 4,) — of the 


‘ , 27 27 
one electron, and the motions of periods (1 + w,)—,(2+4,)—.... 
WwW 


(m + p,) — of the other.” The fundamental angular velocities of the 
WwW 
electrons round their center of inertia are and ————. . 
(1+ p,) (1 + 
From equation (6) it is seen that on comparing different elements, 


the angular velocity of the electron is of the form ; , where 4 is an 


absolute constant. Its value equals that of V &B, or 3 X 10” times 
109675, equal to 33X10“. Hence the angular velocity of all electrons 
round the center of any atom of any element has a frequency of 33 
10“ per second. ‘This means that all spectra are produced by the 
same electrical apparatus, or arrangement of electrons, which receives 
energy from the vibrating atom at its various internodes. 

Gro. W. MIDDLEKAUFF. 


JoHNs HopxKINs UNIVERSITY. 
May 12, 1902. 
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convenient, stylish, economical. Made of fine cloth and 
exactly resemble linen goods. Turn down collars are 
reversible and give double service. 


NO LAUNDRY WORK. 


When soiled, discard. Ten collars or five pairs of 
cuffs, 25c. By mail,30c. Send 6c. in U.S. stamps for 
sample collar or pair of cuffs. Name size and style. 


REVERSIBLE COLLAR CO., Dept. 12, Boston. 


“RIDE ACOCKHORSE To BanBury CROSS, 


SEE A FINE LADY UPON A WHITE HORSE, 
INGS ON HER FINGERS, AND BELLS ON HER TOES, 
SHE SHALL HAVE MUSIC WHEREVER SHE GOES: 


So SINGS THE FOND MOTHER IN NURSERY RHYME 
TO HER GLAD INFANT, THE WHILE KEEPING. TIME; 
AND SO CAN ALL MOTHERS WITH TUNEFUL REFRAIN 
IN THEIR INFANTS WHOSE HEALTH THEY MAINTAIN, 
ROUGH 
MRS WINSLOWS SOOTHING SYRUP 
OVER FIFTY YEARS SOLD 


| To MILLIONS OF MOTHERS IN THE NEW WORLD AND OLD) 
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Dr. Deimel 
Underwear 


COOL 
CLEANLY 
COMFORTABLE 


The ideal underwear for every season but 
especially delightful during the hot sultry 
days of summer. A revelation of comfort 
to those who wear irritating, perspiration 
soaked woolens. 


Free Booklet and Samples of 
the Cloth Sent by Addressing 


All genuine Dr. Deimel gar- 
ments bear this trade-mark 


The Deimel Linen=Mesh Co. 


491 Broadway, New York 


SAN FRANCISCO, CAL. WASHINGTON, D. C. MONTREAL, CAN. LONDON, E. C., ENG. 
6th Floor, Hayward Bidg. 728 15th St., N. W. 2202 St. Catherine St. 10-12 Bread St. 


The Dr. Deimel Dress Shields are the best made. Can be 
easily washed; are odorless. We guarantee every pair 
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HARTFORD 


TYPEWRITERS 


ARE SIMPLE, SERVICEABLE 


AND DURABLE. 
/\ADE WITH EITHER SINGLE OR 


DOUBLE KEYBOARD 


PRICE, $ 6O. 


CATALOGUES ON APPLICATION. 


THE HARTFORD TYPEWRITER 
426 Capitol Ave., HARTFORD, CONN. 


Miss Uptodate: If you find 
the old fashioned steel pen 
SO aggravating, why inthe 
world dont you get a 
SWAN FOUNTAIN PEN? 


Miss Ann TeeK: | have 
heart trouble— sudden Joy 
might Kill me” 


FOR SALE AT 


THE EXCLUSIVE PEN STORE 
96 STATE STREET, (STEWART BUILDING) CHICAGO 


MABIE, TODD & BARD 


Highly recommended by school- 
teachers, banks, business 
houses, and Govern- 
ment offi- 


7 Ink. Economical, Durable, Acid- 


A little disc the size of a silver dime, costing less 
than two cents, makes one ounce of Pure 


Proof. Will not mould or 
corrode the Pen. 5 Colors. 
Sample box of 8 tablets 
and a gold-finished fountain pen 
worth $1.00, sent postpaid on - 
receipt of soc. Single box, 8 tablets, AMA 
toc. On sale at all leading druggists and sta- os 
tioners. Agents wanted. Write forsample. Address 


The Thomas A. Edison Jr. Chemical Co. 


31-33-35 Stone Street, NEW YORK, N. Y. 
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SPENCERIAN aul CARTERS INK‘: 


over forty yeats - 


Select a pen for WRITING 
a sample card of special numbers for cor- 
respondence. 12 pens for 10c., postpaid. 


SPENCERIAN PEN CO. 


349 Broadway NEW YORK CITY An Old Bookkeeper is Discriminating 


Better take his advice and use CARTER'S 
Send for booklet ‘‘Inklings”—Free 
THE CARTER’S INK CO. - BOSTON, MASS. 


Insert your 
—letter— turn 
Of Wedding Stationery has . 
the crank—and your copy’s made. @jRam something to commend itself 
No wet cloths to handle—no to people of taste and refine- 
damp blotters to arrange—no ment over the common, ordi- 
screwing down letter-press. nary kind. 
the copy- 
ing-ro the Our Prices 
same. Never a blurred letter, ——_—saa—— 
— indistinct copy. Are as low as work of our 
standard can be named. 
and perfect — 
no faint copies xt Wesend you finely engraved p 
to guess at. plate and roo of latest style 
Ler- Monogram and initial work 
OPIER can 
filed right with the 
letters received, High class correspondence 
Send for Cat. 3303 ~~ 
Yawman & Erbe Mig. Co., $. D. Childs & Zo. 
Rochester, N. Y. 140-142 Monroe St. 
Branches in N. Y., Phila., Established 1837 CHICAGO. 
Boston, Chi., San F., and s 


seven other cities, 
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TYPEWRITERS 


Because they possess those sterling features 
that make them the most economical to 
own. Good work all the time. 


The Smith Premier 
Typewriter Co., 
Syracuse. N.Y., 

U.S.A. 

Grand Prize, 


Paris 1900... 


Highest Award 
Possible 


SEND FOR 


PEN, 


on BLOOMSBURG. 


THE BEST. 


CATALOGUE 


TRADE MARK 
REGISTERED 


AULE.WIRT 


We not use a clean Fountain 

Pen, one that will write and 
write always, without skipping, 
blotting, or scratching? 


The above Fountain Pen is and 
has been sold on its merits all over 
the world for sixteen years, and is 
unconditionally guaranteed. 


Each day has its cares 
Ziphe b opnewt fp 
Each day has its cares 
ApxeTtov TH H 
Each day has its cares : Gin 


A CROWNING 


69th to 7oth Street, East 
NEW YORK, N. Y. 


Leading Typewriter 
OF THE WORLD 


Sy £\ The Only POLYGLOT—Using a HUNDRED Type Shuttles in TWENTY-SIX 
e Languages. All immediately interchangeable. Now adds to its Conceded Perfec- 
tions (Perfect Alignment, Impression, etc.). 


Each day has its cares 
Bo ympo nevemcaA 


EACH DAY HAS ITS CARES 


The Best MANIFOLDER, where QUALITY and QUANTITY are desired 


THE 
HAMMOND 
= TYPE- 
WRITER 
COMPANY 


THE 


jeber Bag Sat feine 
GLORY 


River 


* 
al Maunusacturercs 
Use SMITH PREMIER | 
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“THE NAME IS EVERYTHING.” 


Esterbrook 


an absolute 
its excellence 


on a pen is 
guarantee of 


Jackson 442. 
A stub Increasingly 
popular. T ry it. 
Over 150] varieties of 
other styles} to suit 
every pu | Mpose. All 


stationers have them. 


Accept nosubstitute. 


THE ESTERBROOK STEEL PEN CO. 
Works, Camden, N. J. 26 John Street, N. ¥. 


Wearing Points 


are the best 


“SELLING POINTS” 


TYPEWRITER 


outsells every other 
writing machine 


Wyckoff, Seamans & Benedict 
(Remington Typewriter Company) 
327 BROADWAY #4 #4 NEW YORK 


The Mark of 
a Good Pencil 


The pencil that bears the Dixon mark 
needs no further guarantee of its quality. 
Among the many styles and 
shapes of D/XON’S American Graph- 
ite PENCILS you'll find the pencil 
that just suits your requirements, 


For 16 cents we will mail you samples worth 
double that amount, if your dealer doesn’t 
keep them. 


JOSEPH DIXON CRUCIBLE 00., Jersey City, N. J. 


The New Model 


Densmore Cypewriter Zo., 
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the North Cape 
and Spitzbergen 


by the well-known Twin-Screw Steamer 


“Auguste Victoria’ 


leaving New York June 17th and Hamburg 
July 3d, 1902. Duration of Cruise, from 
Hamburg to Hamburg, 22 days. 


By the Twin-Screw Cruising Steamer 


“Prinzessin Victoria Luise” 


3 cruises, each of 14-16 days’ duration, to the 


LAND ortne MIDNIGHT SUN 


From Hamburg June 2s, July 15, August 3 


And a specially attractive cruise of 23 days 


tothe BALTIC SEA anathe NORTHERN CAPITALS 


(Norway, Sweden, Russia, Denmark, Germany) From Hamburg August 22d, 1902 


Both these vessels are classed among the finest cruising vessels afloat, the ‘‘Prinzessin Victoria Luise’’ having been 
constructed solely for the purpose of pleasure cruising. They afford the very highest degree of comfort and luxury. 


For illustrated pamphlets, itineraries, etc., address Dept. 17 


HAMBURG-AMERICAN LINE 


35-37 Broadway, New York 70 State St., Boston 1229 Walnut St., Philadelphia 106 N. Broadway, St. Louis 
159 Randolph St., Chicago 401 California St., San Francisco. 1 16 Euclid Ave., Cleveland, 0, 


| 


A Wonderful Material! 


PANTASOTE 


Waterproof—Greaseproof—Stainproof 


Also Germproof and FIREPROOF! Unlike other leather 
substitutes, it contains no cellulose, rubber or other danger- 
ous and objectionable sub- ‘ 
stances, and is also en- 
tirely odorless. 
Pantasote does not peel 
or crack, is not affected by 
heat, cold or climate. 
Looks like Morocco leath- 
er, wears better and costs 
half, Tested nine years 
with un- 
qualified 
success, 
Madein 
plain leath- 


rains or 
richly 
standard 


” Awarded GOLD MEDAL at Buffalo. 


are d and hless imitations; genu- 
ne has Pantasote stamped on goods. 


PANTASOTE CO. Dept. Z, 11 Broadway, New York, 


Spring & Summer 
24. Years the 
Standard of Excellence 


Only True 
Sanitary Underwear 


SPECIAL LIGHT WEIGHTS FOR SUMMER. 


ILLUSTRATED CATALOGUE FREE 


16 West 23d Street 
NEW YORK: 155-157 Broadway 
: 504 Fulton Street 
UN: 230-232 Boylston Street 
PHILADELPHIA: 924 Chestnut Street 
CHICAGO: 82 State Street 


Agents In al! Principal Cities. 


Order @ 


STATIONERY 


Che University of Chicago Press 


has exceptional facilities for filling mail orders 
for the latest of and other 
fine papers ? é 


An Excellent Line of Whiting’s Standard 
Fine Writing Papers 
in all the latest styles, kept regularly in stock, both in 
boxes and by the quire 


Whiting’s Number One Quality and 
Standard Linen 
are especially recommended 


Monogram Embossed Paper and Pads of 
all Sizes 


Orders taken for Fine Engraved 
Calling Cards at Reasonable Prices 


THE UNIVERSITY OF CHICAGO PRESS 
Retail Department CHICAGO, ILLINOIS 


Vacation Crips 


Do you expect to treat yourself to a 
vacation trip this summer? If so, 
write for a copy of the 


Wabash Summer Tour Book 


giving a great variety of attractive 
tours with cost of tickets and other 
valuable information. Write us 
about “7, trip you may have in 
mind. It’s our to 
those who travel. :: 


G Ss. Crane F, py A, Palmer, A.G.! 


THE 
WABASH 
= 
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Far and away the Best Developing Paper made 
Ifyour dealer cannot supply you send 20c. for one dozen 4x5 size with Developer. 
- THE ANTHONY & SCOVILL CO. 
122-124 Fifth Ave., 17th and 18th Streets - - New York 
Atlas Block; Randolph Street and Wabash Ave. - Chicago 


ORCHESTRA 


Instruments, Violins, Flutes, Mandolins, Guitars, 

Banjos, &c. Lyon Healy and ‘‘Washburn’’ in- 

struments are in use everywhere and are sold by 

leading music dealers. Ask for ‘‘Dept. G’’ Catalog, 

Illustrated, mailed free. It’s a money-saver. 

LYON & HEALY, . 38 Adams St., Chicago, Ill. 
The World’s Largest Masic House, Selle **Kverything Known in Musie.”* 


PIAN Do You Want a 


Genuine Bargain 
We have hundreds of Upright Pianos returned from renting 


which must be disposed of at once. These pianos include 
Steinways, F.nabes, Fischers, Sterlings and other well known 
makes. May cannot be distinguished from new, yet all are 


offered at » great discount. Uprights 
as low as $110. Also beautiful new 
rights at $135 $150 and $165. 
A magnificent - strument at $290, 
y 


fully equal to many $400 pianos. Eas 
monthly payments accepted. Freight is only about $5. Write 
at once for complete list and full particulars. You can make a 
great saving by securing your piano from us. Every piano war- 
ranted as represented. ‘‘A Piano Book,” free. Write today. 


LYON & HEAL 


38 Adams St., CHICAGO. 
World's largest music house; sell ‘Everything known in Masie.” 


Rare Old Violins 


ae Largest and finest collection on this continent. 

Fine catalogue (free) containing 50 fac-simile 
labels in colors and Biographies of all the 
noted makers. List and particulars of Solo 
instruments from $50 to $10,000. Monthly 
payments may be arranged. Violins sent on 
seven days examination. Formal Certificate 
of Genuineness with each instrument. 


LYON & HEALY, 


THE AIL/TON’S ENGINEER. 

Ir YOU WILL SEND THE ADDRESS 
OF A PERSON WHO, WITHIN A YEAR, 
WILL HAVE USB FOR THE CHICAGO 
& ALTON RAILWAY 


(TERRITORY COVERED OUTLINED IN 
ABOVE MAP), WE WILL MAIL TO YOU 
A PICTURE, 44% X3 INCHES, OF THE 
ALTON’'sS ENGINEER. IF, IN ADDI- 
TION, YOU WILL TELI, US IN WHAT 
PUBLICATION YOU READ THIS AD~ 
VERTISEMENT, WE WILL SEND TO 
YOU A PAMPHLET ABOUT THE BIG- 
GEST CAMERA IN THE WORLD. 
Gro. J. CHARLTON, 
Passencer Acent, Curcaco & 


Rartway, 
CHICAGO, ILLINOIS. 


MGOERZ —| 


ANSCHUTZ 
CAMERA 


NEEDS LESS LIGHT 
THAN ANY OTHER 


wit make pictures when 
others fail, and will take 
anything others can. Most com- 
pact, lightest and most complete. 
A wonderful instrument for 
obtaining full-timed results when 
speed is essential. Fitted with 
the famous 


Focal Plane Shutter 


Catalogue free from your dealer or 


C.P.Goerz Optical Works | 


Room 6 62 Union Square, Now York. 
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A Field Glass 
Tourist 


Is an experienced tourist, one who has 
learned that a good Field Glass is the extra 
sense that brings the out-of-reach into easy 
view. It is the same with the Sportsman, 
Yachtsman, Ranchman, Residents at seaside 
or mountain. 


Bausch & Lomb-Zeiss 
STEREO 
Glasses 
Are the Best in the World, used by the 
armies and navies of the great nations. Small, 


Light, Enormous Field and Power. Bausch 
and Lomb Binoculars stand next. Cost less. 


AT ALL DEALERS 
BOOKLET U.P. TELLS WHY 


Bausch & Lomb OpticalCo. 


New York ROCHESTER, N. Y. Chicago 


THE PERFECT PHOTO 


SHUTTER 


Fits Any Lens Precise as a Watch 


This new shutter does anything the photographer can ‘ of i 
automatically; any desired exposure from Ex 

Athletes, an ‘Race Horses to Time Ex 
Best Made, Most Scientific. All | working oauie 


Volute Shutter and Bausch & Lomb-Zeiss Anastigmat or 


Plastigmat Lens is an ideal combination for your camera. 


Send for descriptive Booklet U. P. 


Bausch & Lomb Optical Co., 


New York ROCHESTER, N. Y. Chicago 


CROWN 
PIANOS 


Noble in Tone 
Chaste in Appearance 
Durability Unquestioned 


GEO. P. BENT 


Manufacturer Chicago 


LONG LIVED 
ORGANS 


are valuable investments. Our instru- 
ments have extraordinarily long lives, 
They are thoroughly well made and are 
absolutely mouse proof, One great 
source of annoyance and expense is thus 
removed. Our latest model, style 4405, 
has just began its career, but has lived 
long enough to earn pularity and 
show that ft is like its fore-runners in 
staying qualities and excellence. 


Helin Co, 


NEW YORK. 
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IN THE HOMES OF THE PEOPLE. 


is significant that in homes of wealth where 

aha the very best is demanded, Ivory Soap is used 
¥) in the nursery. At the same time, in hundreds 
of families where economy decides the choice, 
ery Soap is selected. Thus its purity attracts the 
rich; its economy attracts the poor. High quality and 


low cost: is there any better combination ? 


COPYRIGHT 1899 BY THE PROCTER & GAMBLE CO. CINCINNATI 
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In All F 
BUFFALO LITHIA Forms 
Disease, Albuminuria of Pregnancy, Uric Acid 


Diathesis, Gout, Rheumatism, Lithzemia, Renal 
Calculi, and Stone of the Bladder, Etc., Etc. 


Dr. Ceorge Ben Johnston, Richmond, Va., ex-President Medical Society of Vir- 
ginia and Professor of Gynecologg and Abdominal Surgery, Medical College of Virginia: 
“IF | WERE ASKED WHAT MINERAL WATER HAS THE WIDEST RANGE OF 
USEFULNESS, I WOULD UNHESITATINGLY ANSWER BUFFALO LITHIA, It is a most 
valuable remedy in many obscure and stubborn conditions which, at best, yield slowly, if at all, to 
drugs. In URIC ACID DIATHESIS, GOUT, RHEUMATISM, LITHA2MIA, and the like, its 
beneficial effects are prompt and iasting. 

‘Almost any case of Pyelitis and Cystitis will be alleviated by it and many cured. 

“] have had evidence of the undoubted DISINTEGRATING, SOLVENT, and ELIMINATING 
POWERS of this water IN RENAL CALCULUS, and have known its long continued use to per- 
manently break up the gravel-forming habit. 

“It is an agent of great value in the treatment of the Albuminuria of Pregnancy, and is an 
excellent diuretic in Scarlatina and Typhoid Fever. In all forms of BRIGHT’S DISEASE, 
except those hopelessly advanced, its good effects are pronounced. I believe it has been 
the means of prolonging many lives in this trouble.”’ 


John V. Shoemaker, M.D., LL. D., Professor of Materia Medica and Therapeu- 
tics in the Medico-Chirurgical College of Philadelphia, etc., in the New York Medical Journal, 
June 22, 1399: “The BUFFALO LITHIA WATER is DOUBLY EFFICIENT in Rheu- 
matism and Gout. It dissolves Uric Acid and Phosphatic sediments, as well as other products 
difficult of elimination, while at the same time it exerts a moderately stimulant effect upon the renal 
cells, and thereby facilitates the swift removal of insoluble materials from the body. Without such 
action insoluble substances will precipitate in the Kidneys and Bladder. The intense suffering pro- 
duced by Stone, together with consecutive pyelitis and cystitis, are avoided by prompt elimination. 
Unquestionably, although the speedy removal of Uric Acid and other products of faulty tissue 
change is of conspicuous benefit, yet to PREVENT their formation is a service still more important. — 


This service is performed by the BUFF, LITHIA WATER when it corrects 
those digestive failures which are responsible for the production of deleterious materials.’’ 


James L. Cabell, M.D., A. M., LL.D., Formerly Professor of Physiology and 
Surgery in the Medical Department of the University of Virginia, and President of the Natton- 
al Board of Health, says: “BUFFALO LITHIA WATER in Uric Acid Diathesis is a 
well-known therapeutic resource. It should be recognized by the profession as an 
article of Materia Medica.”’ 


of Chemistry, University of Virginia. (Extract from report 
analysis uli disc 
by patients under the rey BUFFALO LITHIA WATER Spring No, 2): 

**It seems on the whole probable that the action of the water is PRIMARILY and MAINLY 
upon URIC ACID and the URATES, but when these constituents occur along with and as 
cementing matter to Phosphatic or Oxalic Calculus materials, the latter may be so detached and 
broken down as to disintegrate the Calculus as a whole in these cases, also thus admitting of 
Urethral discharge.” 


Spring No. 1 is both 9 NERVE and a BLOOD TONIC, and in PALE, PREBLE, and 
ANEMIC SUBJECTS is to be preferred. In the absence of these symptons No. 2 is to be preferred. 


BUFFALO LITHIA WATER is for sale by Grocers and Druggists generally. 


Testimonials which defy all imputation or questions sent to any address. 


PROPRIETOR - BUFFALO LITHIA SPRINGS VIRGIND 
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BREAKFAST COCOA 


has the largest sale in the United 
States, because it yrelds the most 
and best for the moriey 2s 


NOTE THE TRADE-MARK ON EVERY CAN 
WALTER BAKER @ 


estasusHeo 1760 ~=DORCHESTER, MASS. 


1852—1902 


MARCELLA SEMBRICH 


For sympathetic purity and richness 
of tone, evenness of action and beauty 
of touch, the Weber Piano is admirable. 

Marcella Sembrich 


April 21, 1902. 


WEBER WAREROOMS 


408 FIFTH AVE., NEW YORK 
266 WABASH AVE., CHICAGO 


makes you clea 


are now yang soap that not only _ 
but makes you Fee/clean 
tell your priends about it, that they aiso may use 


Soap that 
| has not given 


‘satistac- 
‘tion, 


have been established over 50 YEARS, By-our system of : _ 
payments every family in moderate circumstances can owm a 
a VOSE piano. We take old instruments in exchange and a 
Write for Catalogue D and explanations, cA 
VOSE & SONS PIANO CO., 16¢ Boylston St., Boston, Mass. 


deliver the new piano in your home free of expense. 
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